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1.0 PROJECT DESCRIPTION

The proposed project is located north and adjacent to Highway 76 and west of Adams Drive 
approximately 10 miles east of the I-15 freeway. The site is approximately 248 acres in size. 
The majority of the site is currently covered with Orange and Avocado groves. Elevation of the 
site ranges from 740 to 1430 MSL and slopes southerly toward Highway 76. Several natural 
drainage courses traverse the property with tributary areas less than 1 square mile terminating 
at existing culverts that cross Highway 76. One natural drainage channel crossing the western 
portion of the site (Frey Creek Basin) has a tributary area of approximately 4 square miles and 
terminates at Highway 76 where an existing bridge structure spans the creek. The proposed 
project is a 44 lot subdivision of single family homes with a minimum lot size of 2 acres. The 
project will include a system of private roads which will enter the project from Adams Drive with 
a secondary or emergency access to the site off of Highway 76. Approximately 202.5 acres of 
the 248.3 acre site will remain in its natural state as open space.

VICINITY MAP
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2.0 PURPOSE

The purpose of this study is to determine the peak runoff rates and velocities for the pre-
development and post-development conditions. Comparisons will be made at the same 
discharge points for each drainage basin affecting the site and adjacent properties. The 
adequacy of existing conveyance facilities affected by the project such as culverts, sidewalk 
underdrains, curb inlets, and bioretention facilities will be determined.

3.0 METHODOLOGY

The Rational Method as outlined in the County of San Diego Hydrology Manual, dated June 
2003, was used to determine the runoff flow rate for basins 1 and 2 which have tributary areas 
less than 1 square mile. The Soil Conservation Service – NRCS Hydrologic Method as outlined 
in the County’s hydrology manual was used to determine the peak flow rate for basin 3 which 
has a tributary area of approximately 4 square miles. The 100-year frequency storm event was 
analyzed to determine peak runoff rates discharging the site for both the existing and post-
development condition. The Rick Engineering Company Rational Method program for San 
Diego County and Hydrology Studio were used for attenuation calculations, and San Diego 
Hydrology Model 3.1 (SDHM) were used for the hydromodification calculations.
 
Soil type on-site and within the tributary areas was determined to be a combination of types A, B 
and C from the Soil Hydrologic Groups map (see Appendix A).  Runoff coefficients, “C” were 
determined from Table 3-1 (Appendix A) based on Land Use and Soil Type as follows:

 Undisturbed Natural Terrain / Permanent Open Space → C = 0.20 – 0.30
 Low Density Residential (LDR) / Residential, 1.0 DU/AC or less → C = 0.27 – 0.36

Weighted Coefficients were used in the calculations to determine C in areas with multiple soil 
types and impervious areas.

4.0 HYDROLOGY

4.1 Pre-Development Conditions

A pre-development hydrology map delineating basin areas, flow paths, concentration points, 
and existing drainage facilities has been prepared and is attached to this report as Exhibit “A”.  
Pre-development hydrology calculations can be found in Appendix C.

Basin 1 – Runoff currently flows southerly over existing natural terrain and groves terminating at 
Highway 76 where a double 42” RCP culvert conveys runoff under Highway 76.

Basin 2 – Runoff currently flows southerly through the groves in a mostly defined natural 
channel toward Highway 76 where an existing 36” RCP culvert conveys runoff under Highway 
76.

Basin 3 – The Frey Creek basin begins northerly and easterly of the proposed site. Runoff from 
the hillsides flows toward the creek bed which runs southwesterly through the hills crossing the 
northern portion of the site and running south toward Highway 76 across the western side of the 
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property. At Highway 76 a large bridge structure spans the creek with the deck approximately 
20’ above the creek bed.

4.2 Post-Development Conditions

A post-development hydrology map delineating basin areas, flow paths, concentration points, 
and proposed drainage facilities has been prepared and is attached to this report as Exhibit “B”.  
Post-development hydrology calculations can be found in Appendix C.

Basin 1 – In the post-development condition, runoff will continue to flow southerly towards the 
existing culvert at Highway 76, as described in the pre-development conditions section for Basin 
1. The runoff, however, will be interrupted by streets traversing the site and will be directed 
through proposed new culverts and routed in brow ditches or earthen channels back to the 
natural drainage courses traversing the site. Runoff discharging from proposed streets, 
driveways, homes and existing groove areas will be routed through proposed bioretention 
facilities and/or tree wells and dispersion areas prior to discharging to the natural terrain. The 
development will not result in an increase in peak discharge from basin 1.   

Basin 2 – In the post-development condition, runoff will continue to flow southerly toward the 
existing culvert at Highway 76, as described in the pre-development conditions for Basin 2. The 
runoff, however, will be routed through proposed new culverts and routed in brow ditches or 
earthen channels back to the natural drainage courses traversing the site. All runoff will continue 
to concentrate at the existing culvert crossing at Highway 76. Runoff discharging from proposed 
streets, driveways, homes and existing groove areas will be routed through proposed 
bioretenton and/or tree wells and dispersion areas prior to discharging to the natural terrain. The 
development will result in increase in peak discharge from basin 2 of approximately 42.5 cfs. 
The bioretention facilities proposed for this project will mitigate any increase in runoff also the 
two larger bioretention facilities Imp’s 10.22 and 2.06 will be larger and designed to allow for 
more ponding to mitigate the increase in discharge.

Basin 3 – In the post development condition the characteristics of the basin will remain pretty 
much the same as in the pre-development condition with the exception of approximately 15 
acres of the 4 square mile tributary basin will be developed with single family homes. The 
development will affect less than 1% of the total drainage shed. On pad bioretention facilities 
are proposed for each lot in this tributary area. Additionally all the impervious areas from the 
driveways, and homes will be treated by on pad dispersion areas and water released off pad 
through existing mature groves utilizing tree wells for additional WQ treatment. See hydro-mod 
calculations and attenuation analysis (Appendix C & F).

5.0 CONCLUSION            

The development of this site will create an increase in total runoff, however the construction of 
bioretention facilities and associated Hydromodification improvements will mitigate any increase 
in runoff. There will be no net increase in peak runoff at the locations of the existing culverts 
crossing under Highway 76. All runoff discharging from the site across Highway 76 enters the 
San Luis Rey River south of the Highway. Table 1 below provides a summary of the pre- and 
post-development areas and flows at the project discharge points. Hydromodification by its 
definition will handle any post construction changes in flow characteristics. 
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Note: Ref. section 6.2.7 of the Hydraulic Design Manual. 

“Conjunctive use of detention facilities for water quality treatment and flood management is 
acceptable, and encouraged when it is desirable and feasible.  When an aboveground detention 
facility is used for both water quality and flood control, the flood storage volume shall be 
provided in addition to the storage volume designated for water quality treatment.”  ***

*** Per Table 2 below: See provided calculations showing that the DCV can be retained within 
the soil and storage layers of the basin using the pore storage volume, therefore the flood 
storage volume will be counted at the bottom surface elevation of the basin for Attenuation 
calcultaions.

See the SDHM Hydromodification modeling in (Appendix F) 

Table 1 – Attenuation of 100-year Flows

Q100 - ( CFS )

POC PRE-DEV. POST DEV. w/o 
ATTENUATION

POST w/ 
ATTENUATION

CP # 1 108.8 95.9 69.29
CP # 2 38.7 42.5 25.57
CP # 3 3,000.1 3,000.1 3,000.1

Table 2 – DCV Volume Pore Storage Calculations

Void IMP 10.10 IMP 10.11,12,14 IMP 10.13 IMP 10.15 IMP 10.19 DB 1.11 DB 1.12 DB 1.13 IMP 1.14 DB 1.15
Final DCV Tributary to BMP 1,075 3,374 1,591 0 1,045 0 0 0 1,861 0 C.F.
Provided Surface Area 1,220 4,020 1,320 0 1,245 0 0 0 3,125 0 S.F.
Provided Soil Media Thickness 40% 21 21 21 0 21 0 0 0 21 0 IN.
Provided Gravel Thickness 40% 12 12 16 0 12 0 0 0 12 0 IN.
Underground storage provided 1,342 4,422 1,628 0 1,370 0 0 0 3,438 0 C.F.
Excess underground storage 267 1,048 37 0 325 0 0 0 1,577 0 C.F.

Void DB 2.04 IMP-10.21 IMP-10.16 IMP-10.17 IMP-10.18 IMP-10.22 DB 2.01 DB 2.02 IMP 2.06 Large Lot
Final DCV Tributary to BMP Void 0 0 2,734 940 0 6,072 2,863 0 9,910 0 C.F.
Provided Surface Area 0 0 3,500 1,100 0 6,960 1,740 0 10,344 400 S.F.
Provided Soil Media Thickness 40% 0 0 21 21 0 21 21 0 21 0 IN.
Provided Gravel Thickness 40% 0 0 12 12 0 12 30 0 12 0 IN.
Underground storage provided 0 0 3,850 1,210 0 7,656 2,958 0 11,378 0 C.F.
Excess underground storage 0 0 1,116 270 0 1,584 95 0 1,468 0 C.F.

= Drainage areas directed to "Basins w/ underground pore storage layers"
= Drainage areas directed to "Dispersion Areas" and "Tree Wells"

DCV retained by underground storage - Basin 2

DCV retained by underground storage - Basin 1
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APPENDIX “A”

REFERANCE CHARTS – TABLES AND FIGURES
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APPENDIX “B”

HYDROGRAPHS – PRE AND POST

BASIN’S 1, 2, AND 3



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

PEAK DISCHARGE  108.8  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 38 DISCHARGE (CFS) = 9.7

TIME (MIN) = 76 DISCHARGE (CFS) = 10.5

TIME (MIN) = 114 DISCHARGE (CFS) = 12.9

TIME (MIN) = 152 DISCHARGE (CFS) = 14.7

TIME (MIN) = 190 DISCHARGE (CFS) = 21.5

TIME (MIN) = 228 DISCHARGE (CFS) = 30.3

TIME (MIN) = 266 DISCHARGE (CFS) = 108.8

TIME (MIN) = 304 DISCHARGE (CFS) = 17.3

TIME (MIN) = 342 DISCHARGE (CFS) = 11.6

TIME (MIN) = 380 DISCHARGE (CFS) = 0

Basin 1 - Predevelopment

RUN DATE   9/16/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  38  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  152.88  ACRES RUNOFF COEFFICIENT  0.27



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.27 PEAK DISCHARGE  38.7  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 48 DISCHARGE (CFS) = 3.7

TIME (MIN) = 96 DISCHARGE (CFS) = 4.6

TIME (MIN) = 144 DISCHARGE (CFS) = 5.2

TIME (MIN) = 192 DISCHARGE (CFS) = 7.7

TIME (MIN) = 240 DISCHARGE (CFS) = 10.8

TIME (MIN) = 288 DISCHARGE (CFS) = 38.7

TIME (MIN) = 336 DISCHARGE (CFS) = 6.1

TIME (MIN) = 384 DISCHARGE (CFS) = 4.1

TIME (MIN) = 432 DISCHARGE (CFS) = 0

Basin 2 - Predevelopment

RUN DATE   9/18/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  48  MIN. 6 HOUR 

RAINFALL  3.7  INCHES BASIN AREA  63.2  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.27 PEAK DISCHARGE  1  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 19 DISCHARGE (CFS) = 0

TIME (MIN) = 38 DISCHARGE (CFS) = 0.1

TIME (MIN) = 57 DISCHARGE (CFS) = 0.1

TIME (MIN) = 76 DISCHARGE (CFS) = 0.1

TIME (MIN) = 95 DISCHARGE (CFS) = 0.1

TIME (MIN) = 114 DISCHARGE (CFS) = 0.1

TIME (MIN) = 133 DISCHARGE (CFS) = 0.1

TIME (MIN) = 152 DISCHARGE (CFS) = 0.1

TIME (MIN) = 171 DISCHARGE (CFS) = 0.1

TIME (MIN) = 190 DISCHARGE (CFS) = 0.1

TIME (MIN) = 209 DISCHARGE (CFS) = 0.1

TIME (MIN) = 228 DISCHARGE (CFS) = 0.2

TIME (MIN) = 247 DISCHARGE (CFS) = 0.3

TIME (MIN) = 266 DISCHARGE (CFS) = 1

TIME (MIN) = 285 DISCHARGE (CFS) = 0.2

TIME (MIN) = 304 DISCHARGE (CFS) = 0.1

TIME (MIN) = 323 DISCHARGE (CFS) = 0.1

TIME (MIN) = 342 DISCHARGE (CFS) = 0.1

TIME (MIN) = 361 DISCHARGE (CFS) = 0.1

TIME (MIN) = 380 DISCHARGE (CFS) = 0

Basin 3 Single  Lot - Predevelopment 

RUN DATE   9/18/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  19  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  0.91  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.23 PEAK DISCHARGE  8.2  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 25 DISCHARGE (CFS) = 0.5

TIME (MIN) = 50 DISCHARGE (CFS) = 0.6

TIME (MIN) = 75 DISCHARGE (CFS) = 0.6

TIME (MIN) = 100 DISCHARGE (CFS) = 0.7

TIME (MIN) = 125 DISCHARGE (CFS) = 0.8

TIME (MIN) = 150 DISCHARGE (CFS) = 1

TIME (MIN) = 175 DISCHARGE (CFS) = 1.1

TIME (MIN) = 200 DISCHARGE (CFS) = 1.6

TIME (MIN) = 225 DISCHARGE (CFS) = 2.3

TIME (MIN) = 250 DISCHARGE (CFS) = 8.2

TIME (MIN) = 275 DISCHARGE (CFS) = 1.3

TIME (MIN) = 300 DISCHARGE (CFS) = 0.9

TIME (MIN) = 325 DISCHARGE (CFS) = 0.7

TIME (MIN) = 350 DISCHARGE (CFS) = 0.6

TIME (MIN) = 375 DISCHARGE (CFS) = 0

Drainage Basin 1.01

RUN DATE   9/16/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  25  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  10.3  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.11 PEAK DISCHARGE  2  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 22 DISCHARGE (CFS) = 0

TIME (MIN) = 44 DISCHARGE (CFS) = 0.1

TIME (MIN) = 66 DISCHARGE (CFS) = 0.1

TIME (MIN) = 88 DISCHARGE (CFS) = 0.1

TIME (MIN) = 110 DISCHARGE (CFS) = 0.2

TIME (MIN) = 132 DISCHARGE (CFS) = 0.2

TIME (MIN) = 154 DISCHARGE (CFS) = 0.2

TIME (MIN) = 176 DISCHARGE (CFS) = 0.2

TIME (MIN) = 198 DISCHARGE (CFS) = 0.3

TIME (MIN) = 220 DISCHARGE (CFS) = 0.4

TIME (MIN) = 242 DISCHARGE (CFS) = 0.6

TIME (MIN) = 264 DISCHARGE (CFS) = 2

TIME (MIN) = 286 DISCHARGE (CFS) = 0.3

TIME (MIN) = 308 DISCHARGE (CFS) = 0.2

TIME (MIN) = 330 DISCHARGE (CFS) = 0.2

TIME (MIN) = 352 DISCHARGE (CFS) = 0.1

TIME (MIN) = 374 DISCHARGE (CFS) = 0

Drainage Basin 1.02

RUN DATE   9/18/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  22  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  4.93  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.21 PEAK DISCHARGE  7.7  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 12 DISCHARGE (CFS) = 0.3

TIME (MIN) = 24 DISCHARGE (CFS) = 0.3

TIME (MIN) = 36 DISCHARGE (CFS) = 0.3

TIME (MIN) = 48 DISCHARGE (CFS) = 0.3

TIME (MIN) = 60 DISCHARGE (CFS) = 0.4

TIME (MIN) = 72 DISCHARGE (CFS) = 0.4

TIME (MIN) = 84 DISCHARGE (CFS) = 0.4

TIME (MIN) = 96 DISCHARGE (CFS) = 0.4

TIME (MIN) = 108 DISCHARGE (CFS) = 0.4

TIME (MIN) = 120 DISCHARGE (CFS) = 0.5

TIME (MIN) = 132 DISCHARGE (CFS) = 0.5

TIME (MIN) = 144 DISCHARGE (CFS) = 0.5

TIME (MIN) = 156 DISCHARGE (CFS) = 0.6

TIME (MIN) = 168 DISCHARGE (CFS) = 0.6

TIME (MIN) = 180 DISCHARGE (CFS) = 0.7

TIME (MIN) = 192 DISCHARGE (CFS) = 0.7

TIME (MIN) = 204 DISCHARGE (CFS) = 0.9

TIME (MIN) = 216 DISCHARGE (CFS) = 1

TIME (MIN) = 228 DISCHARGE (CFS) = 1.5

TIME (MIN) = 240 DISCHARGE (CFS) = 2.2

TIME (MIN) = 252 DISCHARGE (CFS) = 7.7

TIME (MIN) = 264 DISCHARGE (CFS) = 1.2

TIME (MIN) = 276 DISCHARGE (CFS) = 0.8

TIME (MIN) = 288 DISCHARGE (CFS) = 0.6

TIME (MIN) = 300 DISCHARGE (CFS) = 0.5

TIME (MIN) = 312 DISCHARGE (CFS) = 0.5

TIME (MIN) = 324 DISCHARGE (CFS) = 0.4

TIME (MIN) = 336 DISCHARGE (CFS) = 0.4

TIME (MIN) = 348 DISCHARGE (CFS) = 0.3

TIME (MIN) = 360 DISCHARGE (CFS) = 0.3

TIME (MIN) = 372 DISCHARGE (CFS) = 0

Drainage Basin 1.03

RUN DATE   9/16/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  12  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  6.65  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.21 PEAK DISCHARGE  8.8  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 16 DISCHARGE (CFS) = 0.4

TIME (MIN) = 32 DISCHARGE (CFS) = 0.4

TIME (MIN) = 48 DISCHARGE (CFS) = 0.5

TIME (MIN) = 64 DISCHARGE (CFS) = 0.5

TIME (MIN) = 80 DISCHARGE (CFS) = 0.5

TIME (MIN) = 96 DISCHARGE (CFS) = 0.6

TIME (MIN) = 112 DISCHARGE (CFS) = 0.6

TIME (MIN) = 128 DISCHARGE (CFS) = 0.6

TIME (MIN) = 144 DISCHARGE (CFS) = 0.7

TIME (MIN) = 160 DISCHARGE (CFS) = 0.8

TIME (MIN) = 176 DISCHARGE (CFS) = 0.8

TIME (MIN) = 192 DISCHARGE (CFS) = 1

TIME (MIN) = 208 DISCHARGE (CFS) = 1.2

TIME (MIN) = 224 DISCHARGE (CFS) = 1.7

TIME (MIN) = 240 DISCHARGE (CFS) = 2.4

TIME (MIN) = 256 DISCHARGE (CFS) = 8.8

TIME (MIN) = 272 DISCHARGE (CFS) = 1.4

TIME (MIN) = 288 DISCHARGE (CFS) = 0.9

TIME (MIN) = 304 DISCHARGE (CFS) = 0.7

TIME (MIN) = 320 DISCHARGE (CFS) = 0.6

TIME (MIN) = 336 DISCHARGE (CFS) = 0.5

TIME (MIN) = 352 DISCHARGE (CFS) = 0.5

TIME (MIN) = 368 DISCHARGE (CFS) = 0.4

TIME (MIN) = 384 DISCHARGE (CFS) = 0

Drainage Basin 1.04

RUN DATE   9/16/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  16  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  9.06  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.12 PEAK DISCHARGE  1.6  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 15 DISCHARGE (CFS) = 0.1

TIME (MIN) = 30 DISCHARGE (CFS) = 0.1

TIME (MIN) = 45 DISCHARGE (CFS) = 0.1

TIME (MIN) = 60 DISCHARGE (CFS) = 0.1

TIME (MIN) = 75 DISCHARGE (CFS) = 0.1

TIME (MIN) = 90 DISCHARGE (CFS) = 0.1

TIME (MIN) = 105 DISCHARGE (CFS) = 0.1

TIME (MIN) = 120 DISCHARGE (CFS) = 0.1

TIME (MIN) = 135 DISCHARGE (CFS) = 0.1

TIME (MIN) = 150 DISCHARGE (CFS) = 0.1

TIME (MIN) = 165 DISCHARGE (CFS) = 0.1

TIME (MIN) = 180 DISCHARGE (CFS) = 0.2

TIME (MIN) = 195 DISCHARGE (CFS) = 0.2

TIME (MIN) = 210 DISCHARGE (CFS) = 0.2

TIME (MIN) = 225 DISCHARGE (CFS) = 0.3

TIME (MIN) = 240 DISCHARGE (CFS) = 0.4

TIME (MIN) = 255 DISCHARGE (CFS) = 1.6

TIME (MIN) = 270 DISCHARGE (CFS) = 0.2

TIME (MIN) = 285 DISCHARGE (CFS) = 0.2

TIME (MIN) = 300 DISCHARGE (CFS) = 0.1

TIME (MIN) = 315 DISCHARGE (CFS) = 0.1

TIME (MIN) = 330 DISCHARGE (CFS) = 0.1

TIME (MIN) = 345 DISCHARGE (CFS) = 0.1

TIME (MIN) = 360 DISCHARGE (CFS) = 0.1

TIME (MIN) = 375 DISCHARGE (CFS) = 0

Drainage Basin 1.05

RUN DATE   9/17/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  15  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  2.72  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.18 PEAK DISCHARGE  17.5  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 26 DISCHARGE (CFS) = 1.2

TIME (MIN) = 52 DISCHARGE (CFS) = 1.3

TIME (MIN) = 78 DISCHARGE (CFS) = 1.4

TIME (MIN) = 104 DISCHARGE (CFS) = 1.6

TIME (MIN) = 130 DISCHARGE (CFS) = 1.7

TIME (MIN) = 156 DISCHARGE (CFS) = 2.1

TIME (MIN) = 182 DISCHARGE (CFS) = 2.4

TIME (MIN) = 208 DISCHARGE (CFS) = 3.5

TIME (MIN) = 234 DISCHARGE (CFS) = 4.9

TIME (MIN) = 260 DISCHARGE (CFS) = 17.5

TIME (MIN) = 286 DISCHARGE (CFS) = 2.8

TIME (MIN) = 312 DISCHARGE (CFS) = 1.9

TIME (MIN) = 338 DISCHARGE (CFS) = 1.5

TIME (MIN) = 364 DISCHARGE (CFS) = 1.2

TIME (MIN) = 390 DISCHARGE (CFS) = 0

Drainage Basin 1.06

RUN DATE   9/16/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  26  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  28.93  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.12 PEAK DISCHARGE  6.9  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 30 DISCHARGE (CFS) = 0.5

TIME (MIN) = 60 DISCHARGE (CFS) = 0.5

TIME (MIN) = 90 DISCHARGE (CFS) = 0.6

TIME (MIN) = 120 DISCHARGE (CFS) = 0.7

TIME (MIN) = 150 DISCHARGE (CFS) = 0.8

TIME (MIN) = 180 DISCHARGE (CFS) = 0.9

TIME (MIN) = 210 DISCHARGE (CFS) = 1.4

TIME (MIN) = 240 DISCHARGE (CFS) = 1.9

TIME (MIN) = 270 DISCHARGE (CFS) = 6.9

TIME (MIN) = 300 DISCHARGE (CFS) = 1.1

TIME (MIN) = 330 DISCHARGE (CFS) = 0.7

TIME (MIN) = 360 DISCHARGE (CFS) = 0.6

TIME (MIN) = 390 DISCHARGE (CFS) = 0

Drainage Basin 1.07

RUN DATE   9/17/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  30  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  18.71  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.1 PEAK DISCHARGE  1.1  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 15 DISCHARGE (CFS) = 0

TIME (MIN) = 30 DISCHARGE (CFS) = 0.1

TIME (MIN) = 45 DISCHARGE (CFS) = 0.1

TIME (MIN) = 60 DISCHARGE (CFS) = 0.1

TIME (MIN) = 75 DISCHARGE (CFS) = 0.1

TIME (MIN) = 90 DISCHARGE (CFS) = 0.1

TIME (MIN) = 105 DISCHARGE (CFS) = 0.1

TIME (MIN) = 120 DISCHARGE (CFS) = 0.1

TIME (MIN) = 135 DISCHARGE (CFS) = 0.1

TIME (MIN) = 150 DISCHARGE (CFS) = 0.1

TIME (MIN) = 165 DISCHARGE (CFS) = 0.1

TIME (MIN) = 180 DISCHARGE (CFS) = 0.1

TIME (MIN) = 195 DISCHARGE (CFS) = 0.1

TIME (MIN) = 210 DISCHARGE (CFS) = 0.1

TIME (MIN) = 225 DISCHARGE (CFS) = 0.2

TIME (MIN) = 240 DISCHARGE (CFS) = 0.3

TIME (MIN) = 255 DISCHARGE (CFS) = 1.1

TIME (MIN) = 270 DISCHARGE (CFS) = 0.2

TIME (MIN) = 285 DISCHARGE (CFS) = 0.1

TIME (MIN) = 300 DISCHARGE (CFS) = 0.1

TIME (MIN) = 315 DISCHARGE (CFS) = 0.1

TIME (MIN) = 330 DISCHARGE (CFS) = 0.1

TIME (MIN) = 345 DISCHARGE (CFS) = 0.1

TIME (MIN) = 360 DISCHARGE (CFS) = 0.1

TIME (MIN) = 375 DISCHARGE (CFS) = 0

Drainage Basin 1.08

RUN DATE   9/16/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  15  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  2.23  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.1 PEAK DISCHARGE  3.6  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 11 DISCHARGE (CFS) = 0.1

TIME (MIN) = 22 DISCHARGE (CFS) = 0.1

TIME (MIN) = 33 DISCHARGE (CFS) = 0.1

TIME (MIN) = 44 DISCHARGE (CFS) = 0.1

TIME (MIN) = 55 DISCHARGE (CFS) = 0.2

TIME (MIN) = 66 DISCHARGE (CFS) = 0.2

TIME (MIN) = 77 DISCHARGE (CFS) = 0.2

TIME (MIN) = 88 DISCHARGE (CFS) = 0.2

TIME (MIN) = 99 DISCHARGE (CFS) = 0.2

TIME (MIN) = 110 DISCHARGE (CFS) = 0.2

TIME (MIN) = 121 DISCHARGE (CFS) = 0.2

TIME (MIN) = 132 DISCHARGE (CFS) = 0.2

TIME (MIN) = 143 DISCHARGE (CFS) = 0.2

TIME (MIN) = 154 DISCHARGE (CFS) = 0.2

TIME (MIN) = 165 DISCHARGE (CFS) = 0.3

TIME (MIN) = 176 DISCHARGE (CFS) = 0.3

TIME (MIN) = 187 DISCHARGE (CFS) = 0.3

TIME (MIN) = 198 DISCHARGE (CFS) = 0.3

TIME (MIN) = 209 DISCHARGE (CFS) = 0.4

TIME (MIN) = 220 DISCHARGE (CFS) = 0.5

TIME (MIN) = 231 DISCHARGE (CFS) = 0.7

TIME (MIN) = 242 DISCHARGE (CFS) = 1

TIME (MIN) = 253 DISCHARGE (CFS) = 3.6

TIME (MIN) = 264 DISCHARGE (CFS) = 0.6

TIME (MIN) = 275 DISCHARGE (CFS) = 0.4

TIME (MIN) = 286 DISCHARGE (CFS) = 0.3

TIME (MIN) = 297 DISCHARGE (CFS) = 0.3

TIME (MIN) = 308 DISCHARGE (CFS) = 0.2

TIME (MIN) = 319 DISCHARGE (CFS) = 0.2

TIME (MIN) = 330 DISCHARGE (CFS) = 0.2

TIME (MIN) = 341 DISCHARGE (CFS) = 0.2

TIME (MIN) = 352 DISCHARGE (CFS) = 0.2

TIME (MIN) = 363 DISCHARGE (CFS) = 0.1

TIME (MIN) = 374 DISCHARGE (CFS) = 0

Drainage Basin 1.09

RUN DATE   9/17/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  11  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  6.13  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.1 PEAK DISCHARGE  6  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 41 DISCHARGE (CFS) = 0.5

TIME (MIN) = 82 DISCHARGE (CFS) = 0.6

TIME (MIN) = 123 DISCHARGE (CFS) = 0.7

TIME (MIN) = 164 DISCHARGE (CFS) = 0.8

TIME (MIN) = 205 DISCHARGE (CFS) = 1.2

TIME (MIN) = 246 DISCHARGE (CFS) = 1.6

TIME (MIN) = 287 DISCHARGE (CFS) = 6

TIME (MIN) = 328 DISCHARGE (CFS) = 0.9

TIME (MIN) = 369 DISCHARGE (CFS) = 0.6

TIME (MIN) = 410 DISCHARGE (CFS) = 0

Drainage Basin 1.10

RUN DATE   9/17/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  41  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  23.76  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.1 PEAK DISCHARGE  1.9  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 33 DISCHARGE (CFS) = 0.1

TIME (MIN) = 66 DISCHARGE (CFS) = 0.2

TIME (MIN) = 99 DISCHARGE (CFS) = 0.2

TIME (MIN) = 132 DISCHARGE (CFS) = 0.2

TIME (MIN) = 165 DISCHARGE (CFS) = 0.3

TIME (MIN) = 198 DISCHARGE (CFS) = 0.4

TIME (MIN) = 231 DISCHARGE (CFS) = 0.5

TIME (MIN) = 264 DISCHARGE (CFS) = 1.9

TIME (MIN) = 297 DISCHARGE (CFS) = 0.3

TIME (MIN) = 330 DISCHARGE (CFS) = 0.2

TIME (MIN) = 363 DISCHARGE (CFS) = 0.2

TIME (MIN) = 396 DISCHARGE (CFS) = 0

Drainage Basin 1.11

RUN DATE   9/17/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  33  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  6.5  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.15 PEAK DISCHARGE  5.7  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 34 DISCHARGE (CFS) = 0.4

TIME (MIN) = 68 DISCHARGE (CFS) = 0.5

TIME (MIN) = 102 DISCHARGE (CFS) = 0.5

TIME (MIN) = 136 DISCHARGE (CFS) = 0.7

TIME (MIN) = 170 DISCHARGE (CFS) = 0.8

TIME (MIN) = 204 DISCHARGE (CFS) = 1.1

TIME (MIN) = 238 DISCHARGE (CFS) = 1.6

TIME (MIN) = 272 DISCHARGE (CFS) = 5.7

TIME (MIN) = 306 DISCHARGE (CFS) = 0.9

TIME (MIN) = 340 DISCHARGE (CFS) = 0.6

TIME (MIN) = 374 DISCHARGE (CFS) = 0.5

TIME (MIN) = 408 DISCHARGE (CFS) = 0

Drainage Basin 1.12

RUN DATE   9/17/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  34  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  13.37  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.16 PEAK DISCHARGE  1.2  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 25 DISCHARGE (CFS) = 0.1

TIME (MIN) = 50 DISCHARGE (CFS) = 0.1

TIME (MIN) = 75 DISCHARGE (CFS) = 0.1

TIME (MIN) = 100 DISCHARGE (CFS) = 0.1

TIME (MIN) = 125 DISCHARGE (CFS) = 0.1

TIME (MIN) = 150 DISCHARGE (CFS) = 0.1

TIME (MIN) = 175 DISCHARGE (CFS) = 0.2

TIME (MIN) = 200 DISCHARGE (CFS) = 0.2

TIME (MIN) = 225 DISCHARGE (CFS) = 0.4

TIME (MIN) = 250 DISCHARGE (CFS) = 1.2

TIME (MIN) = 275 DISCHARGE (CFS) = 0.2

TIME (MIN) = 300 DISCHARGE (CFS) = 0.1

TIME (MIN) = 325 DISCHARGE (CFS) = 0.1

TIME (MIN) = 350 DISCHARGE (CFS) = 0.1

TIME (MIN) = 375 DISCHARGE (CFS) = 0

Drainage Basin 1.13

RUN DATE   9/17/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  25  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  2.26  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.19 PEAK DISCHARGE  2.3  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 20 DISCHARGE (CFS) = 0.1

TIME (MIN) = 40 DISCHARGE (CFS) = 0.1

TIME (MIN) = 60 DISCHARGE (CFS) = 0.1

TIME (MIN) = 80 DISCHARGE (CFS) = 0.2

TIME (MIN) = 100 DISCHARGE (CFS) = 0.2

TIME (MIN) = 120 DISCHARGE (CFS) = 0.2

TIME (MIN) = 140 DISCHARGE (CFS) = 0.2

TIME (MIN) = 160 DISCHARGE (CFS) = 0.2

TIME (MIN) = 180 DISCHARGE (CFS) = 0.3

TIME (MIN) = 200 DISCHARGE (CFS) = 0.3

TIME (MIN) = 220 DISCHARGE (CFS) = 0.4

TIME (MIN) = 240 DISCHARGE (CFS) = 0.6

TIME (MIN) = 260 DISCHARGE (CFS) = 2.3

TIME (MIN) = 280 DISCHARGE (CFS) = 0.4

TIME (MIN) = 300 DISCHARGE (CFS) = 0.2

TIME (MIN) = 320 DISCHARGE (CFS) = 0.2

TIME (MIN) = 340 DISCHARGE (CFS) = 0.2

TIME (MIN) = 360 DISCHARGE (CFS) = 0.1

TIME (MIN) = 380 DISCHARGE (CFS) = 0

Drainage Basin 1.14

RUN DATE   9/17/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  20  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  3  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.1 PEAK DISCHARGE  2.1  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 29 DISCHARGE (CFS) = 0.2

TIME (MIN) = 58 DISCHARGE (CFS) = 0.2

TIME (MIN) = 87 DISCHARGE (CFS) = 0.2

TIME (MIN) = 116 DISCHARGE (CFS) = 0.2

TIME (MIN) = 145 DISCHARGE (CFS) = 0.3

TIME (MIN) = 174 DISCHARGE (CFS) = 0.3

TIME (MIN) = 203 DISCHARGE (CFS) = 0.4

TIME (MIN) = 232 DISCHARGE (CFS) = 0.6

TIME (MIN) = 261 DISCHARGE (CFS) = 2.1

TIME (MIN) = 290 DISCHARGE (CFS) = 0.3

TIME (MIN) = 319 DISCHARGE (CFS) = 0.2

TIME (MIN) = 348 DISCHARGE (CFS) = 0.2

TIME (MIN) = 377 DISCHARGE (CFS) = 0

Drainage Basin 1.15

RUN DATE   9/18/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  29  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  6.79  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.15 PEAK DISCHARGE  2.8  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 24 DISCHARGE (CFS) = 0.2

TIME (MIN) = 48 DISCHARGE (CFS) = 0.2

TIME (MIN) = 72 DISCHARGE (CFS) = 0.2

TIME (MIN) = 96 DISCHARGE (CFS) = 0.2

TIME (MIN) = 120 DISCHARGE (CFS) = 0.3

TIME (MIN) = 144 DISCHARGE (CFS) = 0.3

TIME (MIN) = 168 DISCHARGE (CFS) = 0.3

TIME (MIN) = 192 DISCHARGE (CFS) = 0.4

TIME (MIN) = 216 DISCHARGE (CFS) = 0.6

TIME (MIN) = 240 DISCHARGE (CFS) = 0.8

TIME (MIN) = 264 DISCHARGE (CFS) = 2.8

TIME (MIN) = 288 DISCHARGE (CFS) = 0.4

TIME (MIN) = 312 DISCHARGE (CFS) = 0.3

TIME (MIN) = 336 DISCHARGE (CFS) = 0.2

TIME (MIN) = 360 DISCHARGE (CFS) = 0.2

TIME (MIN) = 384 DISCHARGE (CFS) = 0

RUN DATE   9/13/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  24  MIN. 6 HOUR RAINFALL  3.7  

INCHES BASIN AREA  5.28  ACRES

Drainage Basin 2.01



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.15 PEAK DISCHARGE  5.8  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 30 DISCHARGE (CFS) = 0.4

TIME (MIN) = 60 DISCHARGE (CFS) = 0.4

TIME (MIN) = 90 DISCHARGE (CFS) = 0.5

TIME (MIN) = 120 DISCHARGE (CFS) = 0.6

TIME (MIN) = 150 DISCHARGE (CFS) = 0.7

TIME (MIN) = 180 DISCHARGE (CFS) = 0.8

TIME (MIN) = 210 DISCHARGE (CFS) = 1.1

TIME (MIN) = 240 DISCHARGE (CFS) = 1.6

TIME (MIN) = 270 DISCHARGE (CFS) = 5.8

TIME (MIN) = 300 DISCHARGE (CFS) = 0.9

TIME (MIN) = 330 DISCHARGE (CFS) = 0.6

TIME (MIN) = 360 DISCHARGE (CFS) = 0.5

TIME (MIN) = 390 DISCHARGE (CFS) = 0

Drainage Basin 2.02

RUN DATE   9/13/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  30  MIN. 6 HOUR RAINFALL  3.7  
INCHES BASIN AREA  12.51  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.13 PEAK DISCHARGE  7.6  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 33 DISCHARGE (CFS) = 0.6

TIME (MIN) = 66 DISCHARGE (CFS) = 0.7

TIME (MIN) = 99 DISCHARGE (CFS) = 0.7

TIME (MIN) = 132 DISCHARGE (CFS) = 0.9

TIME (MIN) = 165 DISCHARGE (CFS) = 1

TIME (MIN) = 198 DISCHARGE (CFS) = 1.5

TIME (MIN) = 231 DISCHARGE (CFS) = 2.1

TIME (MIN) = 264 DISCHARGE (CFS) = 7.6

TIME (MIN) = 297 DISCHARGE (CFS) = 1.2

TIME (MIN) = 330 DISCHARGE (CFS) = 0.8

TIME (MIN) = 363 DISCHARGE (CFS) = 0.6

TIME (MIN) = 396 DISCHARGE (CFS) = 0

Drainage Basin 2.04

RUN DATE   9/16/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  33  MIN. 6 HOUR 

RAINFALL  3.7  INCHES BASIN AREA  20.15  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.26 PEAK DISCHARGE  11  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 45 DISCHARGE (CFS) = 1.1

TIME (MIN) = 90 DISCHARGE (CFS) = 1.3

TIME (MIN) = 135 DISCHARGE (CFS) = 1.5

TIME (MIN) = 180 DISCHARGE (CFS) = 2.2

TIME (MIN) = 225 DISCHARGE (CFS) = 3

TIME (MIN) = 270 DISCHARGE (CFS) = 11

TIME (MIN) = 315 DISCHARGE (CFS) = 1.7

TIME (MIN) = 360 DISCHARGE (CFS) = 1.2

TIME (MIN) = 405 DISCHARGE (CFS) = 0

Drainage Basin 2.06

RUN DATE   9/13/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  45  MIN. 6 HOUR RAINFALL  3.7  INCHES 
BASIN AREA  17.84  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.79 PEAK DISCHARGE  2.2  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 9 DISCHARGE (CFS) = 1.2

TIME (MIN) = 18 DISCHARGE (CFS) = 0.1

TIME (MIN) = 27 DISCHARGE (CFS) = 0.1

TIME (MIN) = 36 DISCHARGE (CFS) = 0.1

TIME (MIN) = 45 DISCHARGE (CFS) = 0.1

TIME (MIN) = 54 DISCHARGE (CFS) = 0.1

TIME (MIN) = 63 DISCHARGE (CFS) = 0.1

TIME (MIN) = 72 DISCHARGE (CFS) = 0.1

TIME (MIN) = 81 DISCHARGE (CFS) = 0.1

TIME (MIN) = 90 DISCHARGE (CFS) = 0.1

TIME (MIN) = 99 DISCHARGE (CFS) = 0.1

TIME (MIN) = 108 DISCHARGE (CFS) = 0.1

TIME (MIN) = 117 DISCHARGE (CFS) = 0.1

TIME (MIN) = 126 DISCHARGE (CFS) = 0.1

TIME (MIN) = 135 DISCHARGE (CFS) = 0.1

TIME (MIN) = 144 DISCHARGE (CFS) = 0.1

TIME (MIN) = 153 DISCHARGE (CFS) = 0.1

TIME (MIN) = 162 DISCHARGE (CFS) = 0.1

TIME (MIN) = 171 DISCHARGE (CFS) = 0.1

TIME (MIN) = 180 DISCHARGE (CFS) = 0.2

TIME (MIN) = 189 DISCHARGE (CFS) = 0.2

TIME (MIN) = 198 DISCHARGE (CFS) = 0.2

TIME (MIN) = 207 DISCHARGE (CFS) = 0.2

TIME (MIN) = 216 DISCHARGE (CFS) = 0.3

TIME (MIN) = 225 DISCHARGE (CFS) = 0.3

TIME (MIN) = 234 DISCHARGE (CFS) = 0.4

TIME (MIN) = 243 DISCHARGE (CFS) = 0.6

TIME (MIN) = 252 DISCHARGE (CFS) = 2.2

TIME (MIN) = 261 DISCHARGE (CFS) = 0.4

TIME (MIN) = 270 DISCHARGE (CFS) = 0.2

TIME (MIN) = 279 DISCHARGE (CFS) = 0.2

TIME (MIN) = 288 DISCHARGE (CFS) = 0.2

TIME (MIN) = 297 DISCHARGE (CFS) = 0.1

TIME (MIN) = 306 DISCHARGE (CFS) = 0.1

TIME (MIN) = 315 DISCHARGE (CFS) = 0.1

TIME (MIN) = 324 DISCHARGE (CFS) = 0.1

TIME (MIN) = 333 DISCHARGE (CFS) = 0.1

TIME (MIN) = 342 DISCHARGE (CFS) = 0.1

TIME (MIN) = 351 DISCHARGE (CFS) = 0.1

TIME (MIN) = 360 DISCHARGE (CFS) = 0.1

TIME (MIN) = 369 DISCHARGE (CFS) = 0

Drainage Basin 10.10

RUN DATE   9/16/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  9  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  0.42  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.61 PEAK DISCHARGE  2  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 11 DISCHARGE (CFS) = 0.1

TIME (MIN) = 22 DISCHARGE (CFS) = 0.1

TIME (MIN) = 33 DISCHARGE (CFS) = 0.1

TIME (MIN) = 44 DISCHARGE (CFS) = 0.1

TIME (MIN) = 55 DISCHARGE (CFS) = 0.1

TIME (MIN) = 66 DISCHARGE (CFS) = 0.1

TIME (MIN) = 77 DISCHARGE (CFS) = 0.1

TIME (MIN) = 88 DISCHARGE (CFS) = 0.1

TIME (MIN) = 99 DISCHARGE (CFS) = 0.1

TIME (MIN) = 110 DISCHARGE (CFS) = 0.1

TIME (MIN) = 121 DISCHARGE (CFS) = 0.1

TIME (MIN) = 132 DISCHARGE (CFS) = 0.1

TIME (MIN) = 143 DISCHARGE (CFS) = 0.1

TIME (MIN) = 154 DISCHARGE (CFS) = 0.1

TIME (MIN) = 165 DISCHARGE (CFS) = 0.1

TIME (MIN) = 176 DISCHARGE (CFS) = 0.2

TIME (MIN) = 187 DISCHARGE (CFS) = 0.2

TIME (MIN) = 198 DISCHARGE (CFS) = 0.2

TIME (MIN) = 209 DISCHARGE (CFS) = 0.2

TIME (MIN) = 220 DISCHARGE (CFS) = 0.3

TIME (MIN) = 231 DISCHARGE (CFS) = 0.4

TIME (MIN) = 242 DISCHARGE (CFS) = 0.5

TIME (MIN) = 253 DISCHARGE (CFS) = 2

TIME (MIN) = 264 DISCHARGE (CFS) = 0.3

TIME (MIN) = 275 DISCHARGE (CFS) = 0.2

TIME (MIN) = 286 DISCHARGE (CFS) = 0.2

TIME (MIN) = 297 DISCHARGE (CFS) = 0.1

TIME (MIN) = 308 DISCHARGE (CFS) = 0.1

TIME (MIN) = 319 DISCHARGE (CFS) = 0.1

TIME (MIN) = 330 DISCHARGE (CFS) = 0.1

TIME (MIN) = 341 DISCHARGE (CFS) = 0.1

TIME (MIN) = 352 DISCHARGE (CFS) = 0.1

TIME (MIN) = 363 DISCHARGE (CFS) = 0.1

TIME (MIN) = 374 DISCHARGE (CFS) = 0

Drainage Basin 10.11

RUN DATE   9/18/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  11  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  0.55  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.47 PEAK DISCHARGE  0.6  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 16 DISCHARGE (CFS) = 0

TIME (MIN) = 32 DISCHARGE (CFS) = 0

TIME (MIN) = 48 DISCHARGE (CFS) = 0

TIME (MIN) = 64 DISCHARGE (CFS) = 0

TIME (MIN) = 80 DISCHARGE (CFS) = 0

TIME (MIN) = 96 DISCHARGE (CFS) = 0

TIME (MIN) = 112 DISCHARGE (CFS) = 0

TIME (MIN) = 128 DISCHARGE (CFS) = 0

TIME (MIN) = 144 DISCHARGE (CFS) = 0.1

TIME (MIN) = 160 DISCHARGE (CFS) = 0.1

TIME (MIN) = 176 DISCHARGE (CFS) = 0.1

TIME (MIN) = 192 DISCHARGE (CFS) = 0.1

TIME (MIN) = 208 DISCHARGE (CFS) = 0.1

TIME (MIN) = 224 DISCHARGE (CFS) = 0.1

TIME (MIN) = 240 DISCHARGE (CFS) = 0.2

TIME (MIN) = 256 DISCHARGE (CFS) = 0.6

TIME (MIN) = 272 DISCHARGE (CFS) = 0.1

TIME (MIN) = 288 DISCHARGE (CFS) = 0.1

TIME (MIN) = 304 DISCHARGE (CFS) = 0.1

TIME (MIN) = 320 DISCHARGE (CFS) = 0

TIME (MIN) = 336 DISCHARGE (CFS) = 0

TIME (MIN) = 352 DISCHARGE (CFS) = 0

TIME (MIN) = 368 DISCHARGE (CFS) = 0

TIME (MIN) = 384 DISCHARGE (CFS) = 0

Drainage Basin 10.12

RUN DATE   9/17/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  16  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  0.3  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.76 PEAK DISCHARGE  3  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 10 DISCHARGE (CFS) = 0.1

TIME (MIN) = 20 DISCHARGE (CFS) = 0.1

TIME (MIN) = 30 DISCHARGE (CFS) = 0.1

TIME (MIN) = 40 DISCHARGE (CFS) = 0.1

TIME (MIN) = 50 DISCHARGE (CFS) = 0.1

TIME (MIN) = 60 DISCHARGE (CFS) = 0.1

TIME (MIN) = 70 DISCHARGE (CFS) = 0.1

TIME (MIN) = 80 DISCHARGE (CFS) = 0.1

TIME (MIN) = 90 DISCHARGE (CFS) = 0.1

TIME (MIN) = 100 DISCHARGE (CFS) = 0.1

TIME (MIN) = 110 DISCHARGE (CFS) = 0.2

TIME (MIN) = 120 DISCHARGE (CFS) = 0.2

TIME (MIN) = 130 DISCHARGE (CFS) = 0.2

TIME (MIN) = 140 DISCHARGE (CFS) = 0.2

TIME (MIN) = 150 DISCHARGE (CFS) = 0.2

TIME (MIN) = 160 DISCHARGE (CFS) = 0.2

TIME (MIN) = 170 DISCHARGE (CFS) = 0.2

TIME (MIN) = 180 DISCHARGE (CFS) = 0.2

TIME (MIN) = 190 DISCHARGE (CFS) = 0.3

TIME (MIN) = 200 DISCHARGE (CFS) = 0.3

TIME (MIN) = 210 DISCHARGE (CFS) = 0.4

TIME (MIN) = 220 DISCHARGE (CFS) = 0.4

TIME (MIN) = 230 DISCHARGE (CFS) = 0.6

TIME (MIN) = 240 DISCHARGE (CFS) = 0.9

TIME (MIN) = 250 DISCHARGE (CFS) = 3

TIME (MIN) = 260 DISCHARGE (CFS) = 0.5

TIME (MIN) = 270 DISCHARGE (CFS) = 0.3

TIME (MIN) = 280 DISCHARGE (CFS) = 0.3

TIME (MIN) = 290 DISCHARGE (CFS) = 0.2

TIME (MIN) = 300 DISCHARGE (CFS) = 0.2

TIME (MIN) = 310 DISCHARGE (CFS) = 0.2

TIME (MIN) = 320 DISCHARGE (CFS) = 0.1

TIME (MIN) = 330 DISCHARGE (CFS) = 0.1

TIME (MIN) = 340 DISCHARGE (CFS) = 0.1

TIME (MIN) = 350 DISCHARGE (CFS) = 0.1

TIME (MIN) = 360 DISCHARGE (CFS) = 0.1

TIME (MIN) = 370 DISCHARGE (CFS) = 0

Drainage Basin 10.13

RUN DATE   9/16/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  10  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  0.64  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.72 PEAK DISCHARGE  4.1  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 7 DISCHARGE (CFS) = 0.1

TIME (MIN) = 14 DISCHARGE (CFS) = 0.1

TIME (MIN) = 21 DISCHARGE (CFS) = 0.1

TIME (MIN) = 28 DISCHARGE (CFS) = 0.1

TIME (MIN) = 35 DISCHARGE (CFS) = 0.1

TIME (MIN) = 42 DISCHARGE (CFS) = 0.1

TIME (MIN) = 49 DISCHARGE (CFS) = 0.1

TIME (MIN) = 56 DISCHARGE (CFS) = 0.1

TIME (MIN) = 63 DISCHARGE (CFS) = 0.1

TIME (MIN) = 70 DISCHARGE (CFS) = 0.1

TIME (MIN) = 77 DISCHARGE (CFS) = 0.1

TIME (MIN) = 84 DISCHARGE (CFS) = 0.1

TIME (MIN) = 91 DISCHARGE (CFS) = 0.2

TIME (MIN) = 98 DISCHARGE (CFS) = 0.2

TIME (MIN) = 105 DISCHARGE (CFS) = 0.2

TIME (MIN) = 112 DISCHARGE (CFS) = 0.2

TIME (MIN) = 119 DISCHARGE (CFS) = 0.2

TIME (MIN) = 126 DISCHARGE (CFS) = 0.2

TIME (MIN) = 133 DISCHARGE (CFS) = 0.2

TIME (MIN) = 140 DISCHARGE (CFS) = 0.2

TIME (MIN) = 147 DISCHARGE (CFS) = 0.2

TIME (MIN) = 154 DISCHARGE (CFS) = 0.2

TIME (MIN) = 161 DISCHARGE (CFS) = 0.2

TIME (MIN) = 168 DISCHARGE (CFS) = 0.2

TIME (MIN) = 175 DISCHARGE (CFS) = 0.3

TIME (MIN) = 182 DISCHARGE (CFS) = 0.3

TIME (MIN) = 189 DISCHARGE (CFS) = 0.3

TIME (MIN) = 196 DISCHARGE (CFS) = 0.3

TIME (MIN) = 203 DISCHARGE (CFS) = 0.4

TIME (MIN) = 210 DISCHARGE (CFS) = 0.4

TIME (MIN) = 217 DISCHARGE (CFS) = 0.5

TIME (MIN) = 224 DISCHARGE (CFS) = 0.5

TIME (MIN) = 231 DISCHARGE (CFS) = 0.8

TIME (MIN) = 238 DISCHARGE (CFS) = 1.1

TIME (MIN) = 245 DISCHARGE (CFS) = 4.1

TIME (MIN) = 252 DISCHARGE (CFS) = 0.6

TIME (MIN) = 259 DISCHARGE (CFS) = 0.4

TIME (MIN) = 266 DISCHARGE (CFS) = 0.3

TIME (MIN) = 273 DISCHARGE (CFS) = 0.3

TIME (MIN) = 280 DISCHARGE (CFS) = 0.2

TIME (MIN) = 287 DISCHARGE (CFS) = 0.2

TIME (MIN) = 294 DISCHARGE (CFS) = 0.2

TIME (MIN) = 301 DISCHARGE (CFS) = 0.2

TIME (MIN) = 308 DISCHARGE (CFS) = 0.2

TIME (MIN) = 315 DISCHARGE (CFS) = 0.2

TIME (MIN) = 322 DISCHARGE (CFS) = 0.1

TIME (MIN) = 329 DISCHARGE (CFS) = 0.1

TIME (MIN) = 336 DISCHARGE (CFS) = 0.1

TIME (MIN) = 343 DISCHARGE (CFS) = 0.1

TIME (MIN) = 350 DISCHARGE (CFS) = 0.1

TIME (MIN) = 357 DISCHARGE (CFS) = 0.1

TIME (MIN) = 364 DISCHARGE (CFS) = 0

Drainage Basin 10.14

RUN DATE   9/17/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  7  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  0.72  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.52 PEAK DISCHARGE  2  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 14 DISCHARGE (CFS) = 0.1

TIME (MIN) = 28 DISCHARGE (CFS) = 0.1

TIME (MIN) = 42 DISCHARGE (CFS) = 0.1

TIME (MIN) = 56 DISCHARGE (CFS) = 0.1

TIME (MIN) = 70 DISCHARGE (CFS) = 0.1

TIME (MIN) = 84 DISCHARGE (CFS) = 0.1

TIME (MIN) = 98 DISCHARGE (CFS) = 0.1

TIME (MIN) = 112 DISCHARGE (CFS) = 0.1

TIME (MIN) = 126 DISCHARGE (CFS) = 0.1

TIME (MIN) = 140 DISCHARGE (CFS) = 0.1

TIME (MIN) = 154 DISCHARGE (CFS) = 0.2

TIME (MIN) = 168 DISCHARGE (CFS) = 0.2

TIME (MIN) = 182 DISCHARGE (CFS) = 0.2

TIME (MIN) = 196 DISCHARGE (CFS) = 0.2

TIME (MIN) = 210 DISCHARGE (CFS) = 0.3

TIME (MIN) = 224 DISCHARGE (CFS) = 0.4

TIME (MIN) = 238 DISCHARGE (CFS) = 0.6

TIME (MIN) = 252 DISCHARGE (CFS) = 2

TIME (MIN) = 266 DISCHARGE (CFS) = 0.3

TIME (MIN) = 280 DISCHARGE (CFS) = 0.2

TIME (MIN) = 294 DISCHARGE (CFS) = 0.2

TIME (MIN) = 308 DISCHARGE (CFS) = 0.1

TIME (MIN) = 322 DISCHARGE (CFS) = 0.1

TIME (MIN) = 336 DISCHARGE (CFS) = 0.1

TIME (MIN) = 350 DISCHARGE (CFS) = 0.1

TIME (MIN) = 364 DISCHARGE (CFS) = 0.1

TIME (MIN) = 378 DISCHARGE (CFS) = 0

Drainage Basin 10.15

RUN DATE   9/16/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  14  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  0.77  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.41 PEAK DISCHARGE  3  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 24 DISCHARGE (CFS) = 0.2

TIME (MIN) = 48 DISCHARGE (CFS) = 0.2

TIME (MIN) = 72 DISCHARGE (CFS) = 0.2

TIME (MIN) = 96 DISCHARGE (CFS) = 0.2

TIME (MIN) = 120 DISCHARGE (CFS) = 0.3

TIME (MIN) = 144 DISCHARGE (CFS) = 0.3

TIME (MIN) = 168 DISCHARGE (CFS) = 0.4

TIME (MIN) = 192 DISCHARGE (CFS) = 0.4

TIME (MIN) = 216 DISCHARGE (CFS) = 0.6

TIME (MIN) = 240 DISCHARGE (CFS) = 0.8

TIME (MIN) = 264 DISCHARGE (CFS) = 3

TIME (MIN) = 288 DISCHARGE (CFS) = 0.5

TIME (MIN) = 312 DISCHARGE (CFS) = 0.3

TIME (MIN) = 336 DISCHARGE (CFS) = 0.2

TIME (MIN) = 360 DISCHARGE (CFS) = 0.2

TIME (MIN) = 384 DISCHARGE (CFS) = 0

Drainage Basin 10.16

RUN DATE   9/12/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  24  MIN. 6 HOUR RAINFALL  3.7  

INCHES BASIN AREA  2.04  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.58 PEAK DISCHARGE  1.4  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 15 DISCHARGE (CFS) = 0.1

TIME (MIN) = 30 DISCHARGE (CFS) = 0.1

TIME (MIN) = 45 DISCHARGE (CFS) = 0.1

TIME (MIN) = 60 DISCHARGE (CFS) = 0.1

TIME (MIN) = 75 DISCHARGE (CFS) = 0.1

TIME (MIN) = 90 DISCHARGE (CFS) = 0.1

TIME (MIN) = 105 DISCHARGE (CFS) = 0.1

TIME (MIN) = 120 DISCHARGE (CFS) = 0.1

TIME (MIN) = 135 DISCHARGE (CFS) = 0.1

TIME (MIN) = 150 DISCHARGE (CFS) = 0.1

TIME (MIN) = 165 DISCHARGE (CFS) = 0.1

TIME (MIN) = 180 DISCHARGE (CFS) = 0.1

TIME (MIN) = 195 DISCHARGE (CFS) = 0.2

TIME (MIN) = 210 DISCHARGE (CFS) = 0.2

TIME (MIN) = 225 DISCHARGE (CFS) = 0.3

TIME (MIN) = 240 DISCHARGE (CFS) = 0.4

TIME (MIN) = 255 DISCHARGE (CFS) = 1.4

TIME (MIN) = 270 DISCHARGE (CFS) = 0.2

TIME (MIN) = 285 DISCHARGE (CFS) = 0.1

TIME (MIN) = 300 DISCHARGE (CFS) = 0.1

TIME (MIN) = 315 DISCHARGE (CFS) = 0.1

TIME (MIN) = 330 DISCHARGE (CFS) = 0.1

TIME (MIN) = 345 DISCHARGE (CFS) = 0.1

TIME (MIN) = 360 DISCHARGE (CFS) = 0.1

TIME (MIN) = 375 DISCHARGE (CFS) = 0

Drainage Basin 10.17

RUN DATE   9/12/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  15  MIN. 6 HOUR RAINFALL  3.7  

INCHES BASIN AREA  0.5  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.51 PEAK DISCHARGE  1.3  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 16 DISCHARGE (CFS) = 0.1

TIME (MIN) = 32 DISCHARGE (CFS) = 0.1

TIME (MIN) = 48 DISCHARGE (CFS) = 0.1

TIME (MIN) = 64 DISCHARGE (CFS) = 0.1

TIME (MIN) = 80 DISCHARGE (CFS) = 0.1

TIME (MIN) = 96 DISCHARGE (CFS) = 0.1

TIME (MIN) = 112 DISCHARGE (CFS) = 0.1

TIME (MIN) = 128 DISCHARGE (CFS) = 0.1

TIME (MIN) = 144 DISCHARGE (CFS) = 0.1

TIME (MIN) = 160 DISCHARGE (CFS) = 0.1

TIME (MIN) = 176 DISCHARGE (CFS) = 0.1

TIME (MIN) = 192 DISCHARGE (CFS) = 0.2

TIME (MIN) = 208 DISCHARGE (CFS) = 0.2

TIME (MIN) = 224 DISCHARGE (CFS) = 0.3

TIME (MIN) = 240 DISCHARGE (CFS) = 0.3

TIME (MIN) = 256 DISCHARGE (CFS) = 1.3

TIME (MIN) = 272 DISCHARGE (CFS) = 0.2

TIME (MIN) = 288 DISCHARGE (CFS) = 0.1

TIME (MIN) = 304 DISCHARGE (CFS) = 0.1

TIME (MIN) = 320 DISCHARGE (CFS) = 0.1

TIME (MIN) = 336 DISCHARGE (CFS) = 0.1

TIME (MIN) = 352 DISCHARGE (CFS) = 0.1

TIME (MIN) = 368 DISCHARGE (CFS) = 0.1

TIME (MIN) = 384 DISCHARGE (CFS) = 0

Drainage Basin 10.18

RUN DATE   11/22/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  16  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  0.54  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.59 PEAK DISCHARGE  1.8  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 12 DISCHARGE (CFS) = 0.1

TIME (MIN) = 24 DISCHARGE (CFS) = 0.1

TIME (MIN) = 36 DISCHARGE (CFS) = 0.1

TIME (MIN) = 48 DISCHARGE (CFS) = 0.1

TIME (MIN) = 60 DISCHARGE (CFS) = 0.1

TIME (MIN) = 72 DISCHARGE (CFS) = 0.1

TIME (MIN) = 84 DISCHARGE (CFS) = 0.1

TIME (MIN) = 96 DISCHARGE (CFS) = 0.1

TIME (MIN) = 108 DISCHARGE (CFS) = 0.1

TIME (MIN) = 120 DISCHARGE (CFS) = 0.1

TIME (MIN) = 132 DISCHARGE (CFS) = 0.1

TIME (MIN) = 144 DISCHARGE (CFS) = 0.1

TIME (MIN) = 156 DISCHARGE (CFS) = 0.1

TIME (MIN) = 168 DISCHARGE (CFS) = 0.1

TIME (MIN) = 180 DISCHARGE (CFS) = 0.2

TIME (MIN) = 192 DISCHARGE (CFS) = 0.2

TIME (MIN) = 204 DISCHARGE (CFS) = 0.2

TIME (MIN) = 216 DISCHARGE (CFS) = 0.2

TIME (MIN) = 228 DISCHARGE (CFS) = 0.3

TIME (MIN) = 240 DISCHARGE (CFS) = 0.5

TIME (MIN) = 252 DISCHARGE (CFS) = 1.8

TIME (MIN) = 264 DISCHARGE (CFS) = 0.3

TIME (MIN) = 276 DISCHARGE (CFS) = 0.2

TIME (MIN) = 288 DISCHARGE (CFS) = 0.1

TIME (MIN) = 300 DISCHARGE (CFS) = 0.1

TIME (MIN) = 312 DISCHARGE (CFS) = 0.1

TIME (MIN) = 324 DISCHARGE (CFS) = 0.1

TIME (MIN) = 336 DISCHARGE (CFS) = 0.1

TIME (MIN) = 348 DISCHARGE (CFS) = 0.1

TIME (MIN) = 360 DISCHARGE (CFS) = 0.1

TIME (MIN) = 372 DISCHARGE (CFS) = 0

Drainage Basin 10.19

RUN DATE   9/17/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  12  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  0.54  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.51 PEAK DISCHARGE  1.7  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 14 DISCHARGE (CFS) = 0.1

TIME (MIN) = 28 DISCHARGE (CFS) = 0.1

TIME (MIN) = 42 DISCHARGE (CFS) = 0.1

TIME (MIN) = 56 DISCHARGE (CFS) = 0.1

TIME (MIN) = 70 DISCHARGE (CFS) = 0.1

TIME (MIN) = 84 DISCHARGE (CFS) = 0.1

TIME (MIN) = 98 DISCHARGE (CFS) = 0.1

TIME (MIN) = 112 DISCHARGE (CFS) = 0.1

TIME (MIN) = 126 DISCHARGE (CFS) = 0.1

TIME (MIN) = 140 DISCHARGE (CFS) = 0.1

TIME (MIN) = 154 DISCHARGE (CFS) = 0.1

TIME (MIN) = 168 DISCHARGE (CFS) = 0.2

TIME (MIN) = 182 DISCHARGE (CFS) = 0.2

TIME (MIN) = 196 DISCHARGE (CFS) = 0.2

TIME (MIN) = 210 DISCHARGE (CFS) = 0.2

TIME (MIN) = 224 DISCHARGE (CFS) = 0.3

TIME (MIN) = 238 DISCHARGE (CFS) = 0.5

TIME (MIN) = 252 DISCHARGE (CFS) = 1.7

TIME (MIN) = 266 DISCHARGE (CFS) = 0.3

TIME (MIN) = 280 DISCHARGE (CFS) = 0.2

TIME (MIN) = 294 DISCHARGE (CFS) = 0.1

TIME (MIN) = 308 DISCHARGE (CFS) = 0.1

TIME (MIN) = 322 DISCHARGE (CFS) = 0.1

TIME (MIN) = 336 DISCHARGE (CFS) = 0.1

TIME (MIN) = 350 DISCHARGE (CFS) = 0.1

TIME (MIN) = 364 DISCHARGE (CFS) = 0.1

TIME (MIN) = 378 DISCHARGE (CFS) = 0

Drainage Basin 10.21

RUN DATE   11/22/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  14  MIN. 6 HOUR RAINFALL  3.7  
INCHES BASIN AREA  0.67  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.56 PEAK DISCHARGE  8.1  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 17 DISCHARGE (CFS) = 0.4

TIME (MIN) = 34 DISCHARGE (CFS) = 0.4

TIME (MIN) = 51 DISCHARGE (CFS) = 0.5

TIME (MIN) = 68 DISCHARGE (CFS) = 0.5

TIME (MIN) = 85 DISCHARGE (CFS) = 0.5

TIME (MIN) = 102 DISCHARGE (CFS) = 0.5

TIME (MIN) = 119 DISCHARGE (CFS) = 0.6

TIME (MIN) = 136 DISCHARGE (CFS) = 0.6

TIME (MIN) = 153 DISCHARGE (CFS) = 0.7

TIME (MIN) = 170 DISCHARGE (CFS) = 0.8

TIME (MIN) = 187 DISCHARGE (CFS) = 1

TIME (MIN) = 204 DISCHARGE (CFS) = 1.1

TIME (MIN) = 221 DISCHARGE (CFS) = 1.6

TIME (MIN) = 238 DISCHARGE (CFS) = 2.2

TIME (MIN) = 255 DISCHARGE (CFS) = 8.1

TIME (MIN) = 272 DISCHARGE (CFS) = 1.3

TIME (MIN) = 289 DISCHARGE (CFS) = 0.9

TIME (MIN) = 306 DISCHARGE (CFS) = 0.7

TIME (MIN) = 323 DISCHARGE (CFS) = 0.6

TIME (MIN) = 340 DISCHARGE (CFS) = 0.5

TIME (MIN) = 357 DISCHARGE (CFS) = 0.4

TIME (MIN) = 374 DISCHARGE (CFS) = 0

Drainage Basin 10.22

RUN DATE   9/12/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  17  MIN. 6 HOUR RAINFALL  3.7  

INCHES BASIN AREA  3.26  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.2 PEAK DISCHARGE  3.6  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 23 DISCHARGE (CFS) = 0

TIME (MIN) = 46 DISCHARGE (CFS) = 0.2

TIME (MIN) = 69 DISCHARGE (CFS) = 0.2

TIME (MIN) = 92 DISCHARGE (CFS) = 0.3

TIME (MIN) = 115 DISCHARGE (CFS) = 0.3

TIME (MIN) = 138 DISCHARGE (CFS) = 0.3

TIME (MIN) = 161 DISCHARGE (CFS) = 0.4

TIME (MIN) = 184 DISCHARGE (CFS) = 0.4

TIME (MIN) = 207 DISCHARGE (CFS) = 0.5

TIME (MIN) = 230 DISCHARGE (CFS) = 0.7

TIME (MIN) = 253 DISCHARGE (CFS) = 1.1

TIME (MIN) = 276 DISCHARGE (CFS) = 3.6

TIME (MIN) = 299 DISCHARGE (CFS) = 0.6

TIME (MIN) = 322 DISCHARGE (CFS) = 0.4

TIME (MIN) = 345 DISCHARGE (CFS) = 0.3

TIME (MIN) = 368 DISCHARGE (CFS) = 0.3

TIME (MIN) = 391 DISCHARGE (CFS) = 0

Drainage Basin 20.10

RUN DATE   9/16/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  23  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  5  ACRES



RATIONAL METHOD HYDROGRAPH PROGRAM COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUNOFF COEFFICIENT  0.36 PEAK DISCHARGE  1.5  CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0

TIME (MIN) = 17 DISCHARGE (CFS) = 0.1

TIME (MIN) = 34 DISCHARGE (CFS) = 0.1

TIME (MIN) = 51 DISCHARGE (CFS) = 0.1

TIME (MIN) = 68 DISCHARGE (CFS) = 0.1

TIME (MIN) = 85 DISCHARGE (CFS) = 0.1

TIME (MIN) = 102 DISCHARGE (CFS) = 0.1

TIME (MIN) = 119 DISCHARGE (CFS) = 0.1

TIME (MIN) = 136 DISCHARGE (CFS) = 0.1

TIME (MIN) = 153 DISCHARGE (CFS) = 0.1

TIME (MIN) = 170 DISCHARGE (CFS) = 0.1

TIME (MIN) = 187 DISCHARGE (CFS) = 0.2

TIME (MIN) = 204 DISCHARGE (CFS) = 0.2

TIME (MIN) = 221 DISCHARGE (CFS) = 0.3

TIME (MIN) = 238 DISCHARGE (CFS) = 0.4

TIME (MIN) = 255 DISCHARGE (CFS) = 1.5

TIME (MIN) = 272 DISCHARGE (CFS) = 0.2

TIME (MIN) = 289 DISCHARGE (CFS) = 0.2

TIME (MIN) = 306 DISCHARGE (CFS) = 0.1

TIME (MIN) = 323 DISCHARGE (CFS) = 0.1

TIME (MIN) = 340 DISCHARGE (CFS) = 0.1

TIME (MIN) = 357 DISCHARGE (CFS) = 0.1

TIME (MIN) = 374 DISCHARGE (CFS) = 0

Basin 3 Single Lot - Post Development

RUN DATE   9/18/2019 HYDROGRAPH FILE NAME Text1 TIME OF CONCENTRATION  17  MIN. 6 HOUR 
RAINFALL  3.7  INCHES BASIN AREA  0.91  ACRES
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APPENDIX “C”

PRE AND POST-DEVELOPMENT HYDROLOGY CALCULATIONS

BASIN’S 1, 2, 3, AND X
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Pre-Development Hydrology Conditions - Basin 1
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Pre-Development Hydrology Conditions - Basin 2
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Pre-Development hydrology Calculations - Basin–3
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1.01 10.30 0.230 2.37 57 872 25.0 3.45 8.2
1.02 4.93 0.110 0.54 74 718 22.0 3.75 2.0
1.03 6.65 0.210 1.40 368 760 12.0 5.54 7.7
1.04 9.06 0.210 1.90 647 1293 16.0 4.60 8.8
1.05 2.72 0.120 0.33 46 379 15.0 4.80 1.6
1.06 28.93 0.180 5.21 792 2511 26.0 3.37 17.5
1.07 18.71 0.120 2.25 83 1095 30.0 3.07 6.9
1.08 2.23 0.100 0.22 66 413 15.0 4.80 1.1
1.09 6.13 0.100 0.61 112 367 11.0 5.86 3.6
1.10 23.76 0.100 2.38 244 2407 41.0 2.51 6.0
1.11 6.50 0.100 0.65 86 1251 33.0 2.89 1.9
1.12 13.37 0.150 2.01 96 1424 34.0 2.83 5.7
1.13 2.26 0.160 0.36 22 546 25.0 3.45 1.2
1.14 3.00 0.190 0.57 57 639 20.0 3.99 2.3
1.15 6.79 0.100 0.68 103 1150 29.0 3.14 2.1

10.10 0.42 0.790 0.33 21 639 9.0 6.67 2.2
10.11 0.55 0.610 0.34 38 538 11.0 5.86 2.0
10.12 0.30 0.470 0.14 54 718 16.0 4.60 0.6
10.13 0.64 0.760 0.49 50 855 10.0 6.23 3.0
10.14 0.72 0.720 0.52 30 436 7.0 7.85 4.1
10.15 0.78 0.520 0.41 16 447 14.0 5.02 2.0
10.19 0.54 0.590 0.32 18 423 12.0 5.54 1.8
20.10 5.00 0.200 1.00 32 600 23.0 3.64 3.6
Total 154.29 95.9

Post-Development Hydrology Conditions - Basin 1
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Post-Development Hydrology Conditions - Basin 2
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2.01 5.28 0.150 0.79 129 1047 24.0 3.54 2.8
2.02 12.51 0.150 1.88 130 1357 30.0 3.07 5.8
2.04 20.15 0.130 2.62 104 1368 33.0 2.89 7.6
2.06 17.84 0.260 4.64 106 2362 45.0 2.36 11.0
10.16 2.04 0.410 0.84 109 1418 24.0 3.54 3.0
10.17 0.50 0.580 0.29 31 724 15.0 4.80 1.4
10.18 0.54 0.510 0.28 27 615 16.0 4.60 1.3
10.21 0.67 0.510 0.34 52 650 14.0 5.02 1.7
10.22 3.26 0.560 1.83 145 1457 17.0 4.43 8.1
Total 62.79       42.5
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Hydrograph by Return Period Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Hyd.

No.

Hydrograph

Type

Hydrograph

Name

Peak Outflow (cfs)

1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

1 Manual Pre BASIN 1 108.8

2 Manual Post 1.01 8.200

3 Manual Post 1.03 7.700

4 Manual Post 1.04 8.800

5 Manual Post 1.06 17.50

6 Manual Post 1.02 2.000

7 Manual Post 10.10 2.200

8 Pond Route Post IMP-10.10 1.984

9 Manual Post 10.15 2.000

10 Manual Post 10.13 3.000

11 Pond Route Post IMP-10.13 2.443

12 Manual Post 20.10 3.600

13 Junction Post JUNC @ 1.021 10.74

14 Manual Post 1.08 1.100

15 Junction Post JUNC @ 1.024 19.55

16 Junction Post JUNC @ IMP-10.13 18.83

17 Manual Post 10.11 2.000

18 Manual Post 10.12 0.600

19 Manual Post 10.14 4.100

20 Junction Post JUNC @ 10.11 & 10.12 2.530

21 Junction Post JUNC @ 10.12 & 10.14 5.340

22 Pond Route Post IMP-10.11,12,14 3.025

23 Manual Post 1.05 1.600

24 Junction Post JUNC@IMP-10.11,12,14 22.58

25 Junction Post JUNC @ 1.071 31.14

26 Manual Post 1.07 6.900

27 Manual Post 1.09 3.600

28 Manual Post 1.10 6.000

29 Manual Post 1.14 2.300

30 Pond Route Post IMP-1.14 0.050

31 Manual Post 10.19 1.800

32 Manual Post 1.11 1.900

33 Pond Route Post IMP-10.19 0.798

34 Manual Post 1.12 5.700

35 Manual Post 1.13 1.200

36 Junction Post JUNC @ 1.073 52.20

2



Hydrograph by Return Period Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Hyd.

No.

Hydrograph

Type

Hydrograph

Name

Peak Outflow (cfs)

1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

37 Junction Post JUNC @ 1.121 6.316

38 Junction Post JUNC @ 1.126 6.636

39 Junction Post JUNC @ 1.091 6.470

40 Junction Post JUNC @ 1.101 8.852

41 Manual Post 1.15 2.100

42 Junction Post JUNC @ 1.104 54.02

43 Junction Post CP # 1 69.29

3



Hydrograph 100-yr Summary Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Hyd.

No.

Hydrograph

Type

Hydrograph

Name

Peak
Flow
(cfs)

Time to
Peak
(hrs)

Hydrograph
Volume
(cuft)

Inflow
Hyd(s)

Maximum
Elevation
(ft)

Maximum
Storage
(cuft)

1 Manual Pre BASIN 1 108.8 4.43 541,044 ----

2 Manual Post 1.01 8.200 4.17 31,350 ----

3 Manual Post 1.03 7.700 4.20 18,443 ----

4 Manual Post 1.04 8.800 4.27 25,456 ----

5 Manual Post 1.06 17.50 4.33 70,200 ----

6 Manual Post 1.02 2.000 4.40 6,864 ----

7 Manual Post 10.10 2.200 4.20 5,076 ----

8 Pond Route Post IMP-10.10 1.984 4.22 4,661 7 1087.21 987

9 Manual Post 10.15 2.000 4.20 5,292 ----

10 Manual Post 10.13 3.000 4.17 6,420 ----

11 Pond Route Post IMP-10.13 2.443 4.20 5,236 10 966.38 2,325

12 Manual Post 20.10 3.600 4.60 13,248 ----

13 Junction Post JUNC @ 1.021 10.74 4.17 49,259 2, 8, 12

14 Manual Post 1.08 1.100 4.25 3,330 ----

15 Junction Post JUNC @ 1.024 19.55 4.20 74,565 3, 6, 13

16 Junction Post JUNC @ IMP-10.13 18.83 4.33 75,436 5, 11

17 Manual Post 10.11 2.000 4.22 4,554 ----

18 Manual Post 10.12 0.600 4.27 1,637 ----

19 Manual Post 10.14 4.100 4.08 6,720 ----

20 Junction Post JUNC @ 10.11 & 10.12 2.530 4.22 6,191 17, 18

21 Junction Post JUNC @ 10.12 & 10.14 5.340 4.08 12,911 19, 20

22 Pond Route Post IMP-10.11,12,14 3.025 4.20 10,045 21 1003.02 4,412

23 Manual Post 1.05 1.600 4.25 4,410 ----

24 Junction Post JUNC@IMP-10.11,12,14 22.58 4.20 84,610 15, 22

25 Junction Post JUNC @ 1.071 31.14 4.20 114,476 4, 23, 24

26 Manual Post 1.07 6.900 4.50 29,880 ----

27 Manual Post 1.09 3.600 4.22 8,250 ----

28 Manual Post 1.10 6.000 4.78 31,734 ----

29 Manual Post 1.14 2.300 4.33 7,583 ----

30 Pond Route Post IMP-1.14 0.050 6.05 3,502 29 899.36 6,556

31 Manual Post 10.19 1.800 4.20 4,326 ----

32 Manual Post 1.11 1.900 4.40 8,910 ----

33 Pond Route Post IMP-10.19 0.798 4.33 3,208 31 883.93 2,678

34 Manual Post 1.12 5.700 4.53 27,132 ----

35 Manual Post 1.13 1.200 4.17 4,650 ----

36 Junction Post JUNC @ 1.073 52.20 4.25 219,792 16, 25, 26
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Hydrograph 100-yr Summary Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Hyd.

No.

Hydrograph

Type

Hydrograph

Name

Peak
Flow
(cfs)

Time to
Peak
(hrs)

Hydrograph
Volume
(cuft)

Inflow
Hyd(s)

Maximum
Elevation
(ft)

Maximum
Storage
(cuft)

37 Junction Post JUNC @ 1.121 6.316 4.53 30,340 33, 34

38 Junction Post JUNC @ 1.126 6.636 4.53 34,990 35, 37

39 Junction Post JUNC @ 1.091 6.470 4.22 16,872 9, 14, 27

40 Junction Post JUNC @ 1.101 8.852 4.22 52,108 28, 30, 39

41 Manual Post 1.15 2.100 4.35 9,048 ----

42 Junction Post JUNC @ 1.104 54.02 4.27 228,840 36, 41

43 Junction Post CP # 1 69.29 4.25 324,847 32, 38, 40, 42
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Pre BASIN 1 Hyd. No. 1

Hydrograph Type = Manual Peak Flow = 108.8 cfs

Storm Frequency = 100-yr Time to Peak = 4.43 hrs

Time Interval = 1 min Hydrograph Volume = 541,044 cuft
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Qp = 108.80 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 1.01 Hyd. No. 2

Hydrograph Type = Manual Peak Flow = 8.200 cfs

Storm Frequency = 100-yr Time to Peak = 4.17 hrs

Time Interval = 1 min Hydrograph Volume = 31,350 cuft
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 1.03 Hyd. No. 3

Hydrograph Type = Manual Peak Flow = 7.700 cfs

Storm Frequency = 100-yr Time to Peak = 4.20 hrs

Time Interval = 1 min Hydrograph Volume = 18,443 cuft
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 1.04 Hyd. No. 4

Hydrograph Type = Manual Peak Flow = 8.800 cfs

Storm Frequency = 100-yr Time to Peak = 4.27 hrs

Time Interval = 1 min Hydrograph Volume = 25,456 cuft
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 1.06 Hyd. No. 5

Hydrograph Type = Manual Peak Flow = 17.50 cfs

Storm Frequency = 100-yr Time to Peak = 4.33 hrs

Time Interval = 1 min Hydrograph Volume = 70,200 cuft
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Hydrograph Report Project Name: 
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Post 1.02 Hyd. No. 6

Hydrograph Type = Manual Peak Flow = 2.000 cfs

Storm Frequency = 100-yr Time to Peak = 4.40 hrs

Time Interval = 1 min Hydrograph Volume = 6,864 cuft
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Qp = 2.00 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 10.10 Hyd. No. 7

Hydrograph Type = Manual Peak Flow = 2.200 cfs

Storm Frequency = 100-yr Time to Peak = 4.20 hrs

Time Interval = 1 min Hydrograph Volume = 5,076 cuft
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Qp = 2.20 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post IMP-10.10 Hyd. No. 8

Hydrograph Type = Pond Route Peak Flow = 1.984 cfs

Storm Frequency = 100-yr Time to Peak = 4.22 hrs

Time Interval = 1 min Hydrograph Volume = 4,661 cuft

Inflow Hydrograph = 7 - 10.10 Max. Elevation = 1087.21 ft

Pond Name = 10.10 Max. Storage = 987 cuft

Pond Routing by Storage Indication Method Center of mass detention time = 35 min

10.10 IMP-10.10
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

10.10 Stage-Storage

Description Input

Stage / Storage Table

Stage
(ft)

Elevation
(ft)

Contour Area
(sqft)

Incr. Storage
(cuft)

Total Storage
(cuft)

User Defined Contours

Bottom Elevation, ft

Voids (%)

Volume Calc

1086.50

100.00

None

0.00 1086.50 1,220 0.000 0.000

0.75 1087.25 1,570 1,046 1,046

1.50 1088.00 1,952 1,321 2,367

2.00 1088.50 2,100 1,013 3,380

Contours Top of Pond

Total Storage (cuft)
0 500 1000 1500 2000 2500 3000

El
ev

 (f
t)

1086.6

1086.8

1087

1087.2

1087.4

1087.6

1087.8

1088

1088.2

1088.4

Stage (ft)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Stage-Storage
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

10.10 Stage-Discharge

Culvert / Orifices

Rise, in

Span, in

No. Barrels

Invert Elevation, ft

Orifice Coefficient, Co

Length, ft

Barrel Slope, %

N-Value, n

Culvert
Orifices

1* 2 3

24 .5

24 .5

1 1

1083.75 1084.00

0.60 0.60

8.5

1

0.013

Orifice Plate

Orifice Dia, in

No. Orifices

Invert Elevation, ft

Height, ft

Orifice Coefficient, Co

Weirs

Shape / Type

Crest Elevation, ft

Crest Length, ft

Angle, deg

Weir Coefficient, Cw

Riser*
Weirs

1 2 3

Circular

1087

6.28

3.3

Ancillary

Exfiltration, in/hr 0.10**

*Routes through Culvert. **Exfiltration extracted from outflow hydrograph. Rate applied to contours.

Top of Pond Culvert Riser Orifice Exfil Total Q

Discharge (cfs)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

El
ev

 (f
t)

1086.6

1086.8

1087

1087.2

1087.4

1087.6

1087.8

1088

1088.2

1088.4

Stage (ft)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2
Stage-Discharge
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

10.10 Stage-Storage-Discharge Summary

Stage
(ft)

Elev.
(ft)

Storage
(cuft)

Culvert
(cfs)

Orifices, cfs

1 2 3

Riser
(cfs)

Weirs, cfs

1 2 3

Pf Riser
(cfs)

Exfil
(cfs)

User
(cfs)

Total
(cfs)

0.00 1086.50 0.000 0.000 0.000 0.000 0.000 0.000

0.75 1087.25 1,046 2.596 oc 0.006 2.591 0.004 2.600

1.50 1088.00 2,367 16.88 oc 0.008 16.87 ic 0.005 16.89

2.00 1088.50 3,380 20.68 oc 0.009 20.67 ic 0.005 20.68

Suffix key: ic = inlet control, oc = outlet control, s = submerged weir 16
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10.10 Pond Drawdown
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 10.15 Hyd. No. 9

Hydrograph Type = Manual Peak Flow = 2.000 cfs

Storm Frequency = 100-yr Time to Peak = 4.20 hrs

Time Interval = 1 min Hydrograph Volume = 5,292 cuft

Time (hrs)
0 1 2 3 4 5 6 7

Q
 (c

fs
)

0

1

2

3
Qp = 2.00 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 10.13 Hyd. No. 10

Hydrograph Type = Manual Peak Flow = 3.000 cfs

Storm Frequency = 100-yr Time to Peak = 4.17 hrs

Time Interval = 1 min Hydrograph Volume = 6,420 cuft

Time (hrs)
0 1 2 3 4 5 6 7

Q
 (c

fs
)

0

1
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4
Qp = 3.00 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post IMP-10.13 Hyd. No. 11

Hydrograph Type = Pond Route Peak Flow = 2.443 cfs

Storm Frequency = 100-yr Time to Peak = 4.20 hrs

Time Interval = 1 min Hydrograph Volume = 5,236 cuft

Inflow Hydrograph = 10 - 10.13 Max. Elevation = 966.38 ft

Pond Name = IMP-10.13 Max. Storage = 2,325 cuft

Pond Routing by Storage Indication Method Center of mass detention time = 42 min

10.13 IMP-10.13 

Time (hrs)
0 1 2 3 4 5 6 7
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fs
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0

1
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4
Qp = 2.44 cfs
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-10.13 Stage-Storage

Description Input

Stage / Storage Table

Stage
(ft)

Elevation
(ft)

Contour Area
(sqft)

Incr. Storage
(cuft)

Total Storage
(cuft)

User Defined Contours

Bottom Elevation, ft

Voids (%)

Volume Calc

965.00

100.00

Ave End Area

0.00 965.00 1,320 0.000 0.000

1.00 966.00 1,831 1,576 1,576

1.50 966.50 2,109 985 2,561

2.50 967.50 2,300 2,205 4,765

Contours Top of Pond

Total Storage (cuft)
0 500 1000 1500 2000 2500 3000 3500 4000 4500
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965.2
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-10.13 Stage-Discharge

Culvert / Orifices

Rise, in

Span, in

No. Barrels

Invert Elevation, ft

Orifice Coefficient, Co

Length, ft

Barrel Slope, %

N-Value, n

Culvert
Orifices

1* 2 3

12 .5

12 .5

1 1

962.25 962.50

0.60 0.60

12

1

0.013

Orifice Plate

Orifice Dia, in

No. Orifices

Invert Elevation, ft

Height, ft

Orifice Coefficient, Co

Weirs

Shape / Type

Crest Elevation, ft

Crest Length, ft

Angle, deg

Weir Coefficient, Cw

Riser*
Weirs

1 2 3

Circular

966

3.14

3.3

Ancillary

Exfiltration, in/hr 0.20**

*Routes through Culvert. **Exfiltration extracted from outflow hydrograph. Rate applied to contours.

Top of Pond Culvert Riser Orifice Exfil Total Q

Discharge (cfs)
0 1 2 3 4 5 6

El
ev

 (f
t)

965

965.2

965.4

965.6

965.8
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966.2

966.4

966.6

966.8

967

967.2

967.4

Stage (ft)
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0.2
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Stage-Discharge
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-10.13 Stage-Storage-Discharge Summary

Stage
(ft)

Elev.
(ft)

Storage
(cuft)

Culvert
(cfs)

Orifices, cfs

1 2 3

Riser
(cfs)

Weirs, cfs

1 2 3

Pf Riser
(cfs)

Exfil
(cfs)

User
(cfs)

Total
(cfs)

0.00 965.00 0.000 0.000 0.000 0.000 0.000 0.000

1.00 966.00 1,576 0.007 ic 0.007 0.000 0.008 0.015

1.50 966.50 2,561 2.991 ic 0.008 2.983 ic 0.010 3.001

2.50 967.50 4,765 5.177 ic 0.010 5.167 ic 0.011 5.188

Suffix key: ic = inlet control, oc = outlet control, s = submerged weir 23



Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-10.13 Pond Drawdown
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 20.10 Hyd. No. 12

Hydrograph Type = Manual Peak Flow = 3.600 cfs

Storm Frequency = 100-yr Time to Peak = 4.60 hrs

Time Interval = 1 min Hydrograph Volume = 13,248 cuft

Time (hrs)
0 1 2 3 4 5 6 7

Q
 (c

fs
)

0

1

2

3

4
Qp = 3.60 cfs

25



Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post JUNC @ 1.021 Hyd. No. 13

Hydrograph Type = Junction Peak Flow = 10.74 cfs

Storm Frequency = 100-yr Time to Peak = 4.17 hrs

Time Interval = 1 min Hydrograph Volume = 49,259 cuft

Inflow Hydrographs = 2, 8, 12 Total Contrib. Area = 0.0 ac

1.01 IMP-10.10 20.10 JUNC @ 1.021

Time (hrs)
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 1.08 Hyd. No. 14

Hydrograph Type = Manual Peak Flow = 1.100 cfs

Storm Frequency = 100-yr Time to Peak = 4.25 hrs

Time Interval = 1 min Hydrograph Volume = 3,330 cuft

Time (hrs)
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post JUNC @ 1.024 Hyd. No. 15

Hydrograph Type = Junction Peak Flow = 19.55 cfs

Storm Frequency = 100-yr Time to Peak = 4.20 hrs

Time Interval = 1 min Hydrograph Volume = 74,565 cuft

Inflow Hydrographs = 3, 6, 13 Total Contrib. Area = 0.0 ac

1.03 1.02 JUNC @ 1.021 JUNC @ 1.024

Time (hrs)
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post JUNC @ IMP-10.13 Hyd. No. 16

Hydrograph Type = Junction Peak Flow = 18.83 cfs

Storm Frequency = 100-yr Time to Peak = 4.33 hrs

Time Interval = 1 min Hydrograph Volume = 75,436 cuft

Inflow Hydrographs = 5, 11 Total Contrib. Area = 0.0 ac

1.06 IMP-10.13 JUNC @ IMP-10.13

Time (hrs)
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 10.11 Hyd. No. 17

Hydrograph Type = Manual Peak Flow = 2.000 cfs

Storm Frequency = 100-yr Time to Peak = 4.22 hrs

Time Interval = 1 min Hydrograph Volume = 4,554 cuft

Time (hrs)
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fs
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Qp = 2.00 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 10.12 Hyd. No. 18

Hydrograph Type = Manual Peak Flow = 0.600 cfs

Storm Frequency = 100-yr Time to Peak = 4.27 hrs

Time Interval = 1 min Hydrograph Volume = 1,637 cuft

Time (hrs)
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 10.14 Hyd. No. 19

Hydrograph Type = Manual Peak Flow = 4.100 cfs

Storm Frequency = 100-yr Time to Peak = 4.08 hrs

Time Interval = 1 min Hydrograph Volume = 6,720 cuft

Time (hrs)
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Q
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)

0
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5
Qp = 4.10 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post JUNC @ 10.11 & 10.12 Hyd. No. 20

Hydrograph Type = Junction Peak Flow = 2.530 cfs

Storm Frequency = 100-yr Time to Peak = 4.22 hrs

Time Interval = 1 min Hydrograph Volume = 6,191 cuft

Inflow Hydrographs = 17, 18 Total Contrib. Area = 0.0 ac

10.11 10.12 JUNC @ 10.11 & 10.12

Time (hrs)
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Qp = 2.53 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post JUNC @ 10.12 & 10.14 Hyd. No. 21

Hydrograph Type = Junction Peak Flow = 5.340 cfs

Storm Frequency = 100-yr Time to Peak = 4.08 hrs

Time Interval = 1 min Hydrograph Volume = 12,911 cuft

Inflow Hydrographs = 19, 20 Total Contrib. Area = 0.0 ac

10.14 JUNC @ 10.11 & 10.12 JUNC @ 10.12 & 10.14

Time (hrs)
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Qp = 5.34 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post IMP-10.11,12,14 Hyd. No. 22

Hydrograph Type = Pond Route Peak Flow = 3.025 cfs

Storm Frequency = 100-yr Time to Peak = 4.20 hrs

Time Interval = 1 min Hydrograph Volume = 10,045 cuft

Inflow Hydrograph = 21 - JUNC @ 10.12 & 10.14 Max. Elevation = 1003.02 ft

Pond Name = IMP-10.11,12,14 Max. Storage = 4,412 cuft

Pond Routing by Storage Indication Method Center of mass detention time = 42 min

JUNC @ 10.12 & 10.14 IMP-10.11,12,14

Time (hrs)
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-10.11,12,14 Stage-Storage

Description Input

Stage / Storage Table

Stage
(ft)

Elevation
(ft)

Contour Area
(sqft)

Incr. Storage
(cuft)

Total Storage
(cuft)

User Defined Contours

Bottom Elevation, ft

Voids (%)

Volume Calc

1002.00

100.00

None

0.00 1002.00 4,020 0.000 0.000

1.00 1003.00 4,655 4,338 4,338

2.00 1004.00 5,318 4,987 9,324

2.50 1004.50 5,500 2,705 12,029

Contours Top of Pond

Total Storage (cuft)
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000

El
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Stage-Storage
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-10.11,12,14 Stage-Discharge

Culvert / Orifices

Rise, in

Span, in

No. Barrels

Invert Elevation, ft

Orifice Coefficient, Co

Length, ft

Barrel Slope, %

N-Value, n

Culvert
Orifices

1 2 3

12

12

1

999.25

0.60

8.5

1

0.015

Orifice Plate

Orifice Dia, in

No. Orifices

Invert Elevation, ft

Height, ft

Orifice Coefficient, Co

Weirs

Shape / Type

Crest Elevation, ft

Crest Length, ft

Angle, deg

Weir Coefficient, Cw

Riser*
Weirs

1 2 3

Circular

1002.5

3.14

3.3

Ancillary

Exfiltration, in/hr 0.30**

*Routes through Culvert. **Exfiltration extracted from outflow hydrograph. Rate applied to contours.

Top of Pond Culvert Riser Exfil Total Q

Discharge (cfs)
0 1 2 3 4 5 6 7
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ev
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t)
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Stage (ft)

0
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0.4

0.6

0.8
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1.4

1.6
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2
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2.4

Stage-Discharge
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-10.11,12,14 Stage-Storage-Discharge Summary

Stage
(ft)

Elev.
(ft)

Storage
(cuft)

Culvert
(cfs)

Orifices, cfs

1 2 3

Riser
(cfs)

Weirs, cfs

1 2 3

Pf Riser
(cfs)

Exfil
(cfs)

User
(cfs)

Total
(cfs)

0.00 1002.00 0.000 0.000 0.000 0.000 0.000

1.00 1003.00 4,338 2.983 ic 2.983 ic 0.032 3.015

2.00 1004.00 9,324 5.167 ic 5.167 ic 0.037 5.204

2.50 1004.50 12,029 5.966 ic 5.966 ic 0.038 6.004

Suffix key: ic = inlet control, oc = outlet control, s = submerged weir 38



Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-10.11,12,14 Pond Drawdown
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 1.05 Hyd. No. 23

Hydrograph Type = Manual Peak Flow = 1.600 cfs

Storm Frequency = 100-yr Time to Peak = 4.25 hrs

Time Interval = 1 min Hydrograph Volume = 4,410 cuft
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post JUNC@IMP-10.11,12,14 Hyd. No. 24

Hydrograph Type = Junction Peak Flow = 22.58 cfs

Storm Frequency = 100-yr Time to Peak = 4.20 hrs

Time Interval = 1 min Hydrograph Volume = 84,610 cuft

Inflow Hydrographs = 15, 22 Total Contrib. Area = 0.0 ac

JUNC @ 1.024 IMP-10.11,12,14 JUNC@IMP-10.11,12,14

Time (hrs)
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post JUNC @ 1.071 Hyd. No. 25

Hydrograph Type = Junction Peak Flow = 31.14 cfs

Storm Frequency = 100-yr Time to Peak = 4.20 hrs

Time Interval = 1 min Hydrograph Volume = 114,476 cuft

Inflow Hydrographs = 4, 23, 24 Total Contrib. Area = 0.0 ac

1.04 1.05 JUNC@IMP-10.11,12,14 JUNC @ 1.071
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 1.07 Hyd. No. 26

Hydrograph Type = Manual Peak Flow = 6.900 cfs

Storm Frequency = 100-yr Time to Peak = 4.50 hrs

Time Interval = 1 min Hydrograph Volume = 29,880 cuft

Time (hrs)
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 1.09 Hyd. No. 27

Hydrograph Type = Manual Peak Flow = 3.600 cfs

Storm Frequency = 100-yr Time to Peak = 4.22 hrs

Time Interval = 1 min Hydrograph Volume = 8,250 cuft

Time (hrs)
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Qp = 3.60 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 1.10 Hyd. No. 28

Hydrograph Type = Manual Peak Flow = 6.000 cfs

Storm Frequency = 100-yr Time to Peak = 4.78 hrs

Time Interval = 1 min Hydrograph Volume = 31,734 cuft
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0 1 2 3 4 5 6 7

Q
 (c

fs
)

0

1

2

3

4

5

6

7
Qp = 6.00 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 1.14 Hyd. No. 29

Hydrograph Type = Manual Peak Flow = 2.300 cfs

Storm Frequency = 100-yr Time to Peak = 4.33 hrs

Time Interval = 1 min Hydrograph Volume = 7,583 cuft

Time (hrs)
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Qp = 2.30 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post IMP-1.14 Hyd. No. 30

Hydrograph Type = Pond Route Peak Flow = 0.050 cfs

Storm Frequency = 100-yr Time to Peak = 6.05 hrs

Time Interval = 1 min Hydrograph Volume = 3,502 cuft

Inflow Hydrograph = 29 - 1.14 Max. Elevation = 899.36 ft

Pond Name = IMP-1.14 Max. Storage = 6,556 cuft

Pond Routing by Storage Indication Method Center of mass detention time = 12.57 hrs

1.14 IMP-1.14

Time (hrs)
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-1.14 Stage-Storage

Description Input

Stage / Storage Table

Stage
(ft)

Elevation
(ft)

Contour Area
(sqft)

Incr. Storage
(cuft)

Total Storage
(cuft)

User Defined Contours

Bottom Elevation, ft

Voids (%)

Volume Calc

898.00

100.00

None

0.00 898.00 3,125 0.000 0.000

2.00 900.00 6,547 9,672 9,672

4.00 902.00 7,653 14,200 23,872

Contours Top of Pond

Total Storage (cuft)
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000

El
ev

 (f
t)

898

899

900

901

902

Stage (ft)

0

1

2

3

4

Stage-Storage

48



Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-1.14 Stage-Discharge

Culvert / Orifices

Rise, in

Span, in

No. Barrels

Invert Elevation, ft

Orifice Coefficient, Co

Length, ft

Barrel Slope, %

N-Value, n

Culvert
Orifices

1* 2 3*

12 .9 1

12 .9 1

1 1 1

895.25 898.50 895.50

0.60 0.60 0.60

54

1

0.013

Orifice Plate

Orifice Dia, in

No. Orifices

Invert Elevation, ft

Height, ft

Orifice Coefficient, Co

Weirs

Shape / Type

Crest Elevation, ft

Crest Length, ft

Angle, deg

Weir Coefficient, Cw

Riser*
Weirs

1 2 3

Circular

900

1.57

3.3

Ancillary

Exfiltration, in/hr 0.30**

*Routes through Culvert. **Exfiltration extracted from outflow hydrograph. Rate applied to contours.

Top of Pond Culvert Riser Orifice Orifice Exfil Total Q

Discharge (cfs)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

El
ev

 (f
t)

898

899

900

901

902

Stage (ft)

0

1

2

3

4
Stage-Discharge
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-1.14 Stage-Storage-Discharge Summary

Stage
(ft)

Elev.
(ft)

Storage
(cuft)

Culvert
(cfs)

Orifices, cfs

1 2 3

Riser
(cfs)

Weirs, cfs

1 2 3

Pf Riser
(cfs)

Exfil
(cfs)

User
(cfs)

Total
(cfs)

0.00 898.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000

2.00 900.00 9,672 0.063 oc 0.026 0.037 0.000 0.045 0.108

4.00 902.00 23,872 1.584 oc 0.040 0.053 1.491 ic 0.053 1.637

Suffix key: ic = inlet control, oc = outlet control, s = submerged weir 50



Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-1.14 Pond Drawdown
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 10.19 Hyd. No. 31

Hydrograph Type = Manual Peak Flow = 1.800 cfs

Storm Frequency = 100-yr Time to Peak = 4.20 hrs

Time Interval = 1 min Hydrograph Volume = 4,326 cuft
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 1.11 Hyd. No. 32

Hydrograph Type = Manual Peak Flow = 1.900 cfs

Storm Frequency = 100-yr Time to Peak = 4.40 hrs

Time Interval = 1 min Hydrograph Volume = 8,910 cuft
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post IMP-10.19 Hyd. No. 33

Hydrograph Type = Pond Route Peak Flow = 0.798 cfs

Storm Frequency = 100-yr Time to Peak = 4.33 hrs

Time Interval = 1 min Hydrograph Volume = 3,208 cuft

Inflow Hydrograph = 31 - 10.19 Max. Elevation = 883.93 ft

Pond Name = IMP-10.19 Max. Storage = 2,678 cuft

Pond Routing by Storage Indication Method Center of mass detention time = 2.18 hrs

10.19 IMP-10.19
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-10.19 Stage-Storage

Description Input

Stage / Storage Table

Stage
(ft)

Elevation
(ft)

Contour Area
(sqft)

Incr. Storage
(cuft)

Total Storage
(cuft)

User Defined Contours

Bottom Elevation, ft

Voids (%)

Volume Calc

882.00

100.00

None

0.00 882.00 1,245 0.000 0.000

1.00 883.00 1,327 1,286 1,286

2.00 884.00 1,677 1,502 2,788

3.00 885.00 1,900 1,789 4,577

Contours Top of Pond

Total Storage (cuft)
0 500 1000 1500 2000 2500 3000 3500 4000 4500

El
ev
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Stage (ft)

0
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55



Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-10.19 Stage-Discharge

Culvert / Orifices

Rise, in

Span, in

No. Barrels

Invert Elevation, ft

Orifice Coefficient, Co

Length, ft

Barrel Slope, %

N-Value, n

Culvert
Orifices

1* 2* 3

12 .6 2

12 .6 2

1 1 1

879.25 879.50 883.00

0.60 0.60 0.60

10

1

0.013

Orifice Plate

Orifice Dia, in

No. Orifices

Invert Elevation, ft

Height, ft

Orifice Coefficient, Co

Weirs

Shape / Type

Crest Elevation, ft

Crest Length, ft

Angle, deg

Weir Coefficient, Cw

Riser*
Weirs

1 2 3

Circular

883.5

1.57

3.3

Ancillary

Exfiltration, in/hr 0.30**

*Routes through Culvert. **Exfiltration extracted from outflow hydrograph. Rate applied to contours.

Top of Pond Culvert Riser Orifice Orifice Exfil Total Q

Discharge (cfs)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

El
ev
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-10.19 Stage-Storage-Discharge Summary

Stage
(ft)

Elev.
(ft)

Storage
(cuft)

Culvert
(cfs)

Orifices, cfs

1 2 3

Riser
(cfs)

Weirs, cfs

1 2 3

Pf Riser
(cfs)

Exfil
(cfs)

User
(cfs)

Total
(cfs)

0.00 882.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000

1.00 883.00 1,286 0.009 ic 0.009 0.000 0.000 0.009 0.019

2.00 884.00 2,788 0.860 ic 0.013 0.101 0.746 ic 0.012 0.871

3.00 885.00 4,577 1.453 ic 0.016 0.145 1.292 ic 0.013 1.467

Suffix key: ic = inlet control, oc = outlet control, s = submerged weir 57



Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

IMP-10.19 Pond Drawdown
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 1.12 Hyd. No. 34

Hydrograph Type = Manual Peak Flow = 5.700 cfs

Storm Frequency = 100-yr Time to Peak = 4.53 hrs

Time Interval = 1 min Hydrograph Volume = 27,132 cuft
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Qp = 5.70 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 1.13 Hyd. No. 35

Hydrograph Type = Manual Peak Flow = 1.200 cfs

Storm Frequency = 100-yr Time to Peak = 4.17 hrs

Time Interval = 1 min Hydrograph Volume = 4,650 cuft
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post JUNC @ 1.073 Hyd. No. 36

Hydrograph Type = Junction Peak Flow = 52.20 cfs

Storm Frequency = 100-yr Time to Peak = 4.25 hrs

Time Interval = 1 min Hydrograph Volume = 219,792 cuft

Inflow Hydrographs = 16, 25, 26 Total Contrib. Area = 0.0 ac

JUNC @ IMP-10.13 JUNC @ 1.071 1.07 JUNC @ 1.073
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post JUNC @ 1.121 Hyd. No. 37

Hydrograph Type = Junction Peak Flow = 6.316 cfs

Storm Frequency = 100-yr Time to Peak = 4.53 hrs

Time Interval = 1 min Hydrograph Volume = 30,340 cuft

Inflow Hydrographs = 33, 34 Total Contrib. Area = 0.0 ac

IMP-10.19 1.12 JUNC @ 1.121
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post JUNC @ 1.126 Hyd. No. 38

Hydrograph Type = Junction Peak Flow = 6.636 cfs

Storm Frequency = 100-yr Time to Peak = 4.53 hrs

Time Interval = 1 min Hydrograph Volume = 34,990 cuft

Inflow Hydrographs = 35, 37 Total Contrib. Area = 0.0 ac

1.13 JUNC @ 1.121 JUNC @ 1.126

Time (hrs)
0 1 2 3 4 5 6 7 8 9

Q
 (c

fs
)

0

1

2

3

4

5

6

7
Qp = 6.64 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post JUNC @ 1.091 Hyd. No. 39

Hydrograph Type = Junction Peak Flow = 6.470 cfs

Storm Frequency = 100-yr Time to Peak = 4.22 hrs

Time Interval = 1 min Hydrograph Volume = 16,872 cuft

Inflow Hydrographs = 9, 14, 27 Total Contrib. Area = 0.0 ac

10.15 1.08 1.09 JUNC @ 1.091
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post JUNC @ 1.101 Hyd. No. 40

Hydrograph Type = Junction Peak Flow = 8.852 cfs

Storm Frequency = 100-yr Time to Peak = 4.22 hrs

Time Interval = 1 min Hydrograph Volume = 52,108 cuft

Inflow Hydrographs = 28, 30, 39 Total Contrib. Area = 0.0 ac

1.10 IMP-1.14 JUNC @ 1.091 JUNC @ 1.101
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post 1.15 Hyd. No. 41

Hydrograph Type = Manual Peak Flow = 2.100 cfs

Storm Frequency = 100-yr Time to Peak = 4.35 hrs

Time Interval = 1 min Hydrograph Volume = 9,048 cuft
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post JUNC @ 1.104 Hyd. No. 42

Hydrograph Type = Junction Peak Flow = 54.02 cfs

Storm Frequency = 100-yr Time to Peak = 4.27 hrs

Time Interval = 1 min Hydrograph Volume = 228,840 cuft

Inflow Hydrographs = 36, 41 Total Contrib. Area = 0.0 ac

JUNC @ 1.073 1.15 JUNC @ 1.104
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 11-22-2019

Post CP # 1 Hyd. No. 43

Hydrograph Type = Junction Peak Flow = 69.29 cfs

Storm Frequency = 100-yr Time to Peak = 4.25 hrs

Time Interval = 1 min Hydrograph Volume = 324,847 cuft

Inflow Hydrographs = 32, 38, 40, 42 Total Contrib. Area = 0.0 ac

1.11 JUNC @ 1.126 JUNC @ 1.101 JUNC @ 1.104 CP # 1
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Hydrograph by Return Period Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Hyd.

No.

Hydrograph

Type

Hydrograph

Name

Peak Outflow (cfs)

1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

1 Manual Pre Basin 2 38.70

2 Manual Post 10.16 3.000

3 Pond Route Post IMP-10.16 0.445

4 Manual Post 10.17 1.400

5 Pond Route IMP-10.17 1.265

6 Manual Post 10.18 1.300

7 Manual Post 10.22 8.100

8 Pond Route IMP-10.22 0.176

9 Manual Post 2.06 11.00

10 Pond Route IMP-2.06 9.804

11 Manual Post 2.01 2.800

12 Manual Post 2.02 5.800

13 Manual Post 2.04 7.600

14 Manual Post 10.21 1.700

15 Pond Route Post IMP 2.01 2.456

16 Junction Post JUNC @ 2.021 8.196

18 Junction Post JUNC @ 2.034 8.410

19 Junction Post JUNC @ 2.041 8.844

20 Junction Post JUNC BEFORE IMP-2A 17.17

21 Junction Post JUNC @ 2.044 17.32

22 Junction Post CP #2 25.57

2



Hydrograph 100-yr Summary Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Hyd.

No.

Hydrograph

Type

Hydrograph

Name

Peak
Flow
(cfs)

Time to
Peak
(hrs)

Hydrograph
Volume
(cuft)

Inflow
Hyd(s)

Maximum
Elevation
(ft)

Maximum
Storage
(cuft)

1 Manual Pre Basin 2 38.70 4.80 233,005 ----

2 Manual Post 10.16 3.000 4.40 11,242 ----

3 Pond Route Post IMP-10.16 0.445 4.85 7,425 2 913.06 8,683

4 Manual Post 10.17 1.400 4.25 4,050 ----

5 Pond Route IMP-10.17 1.265 4.28 3,361 4 878.75 822

6 Manual Post 10.18 1.300 4.27 4,037 ----

7 Manual Post 10.22 8.100 4.25 24,378 ----

8 Pond Route IMP-10.22 0.176 6.07 12,073 7 767.58 21,624

9 Manual Post 2.06 11.00 4.50 62,100 ----

10 Pond Route IMP-2.06 9.804 4.58 54,646 9 739.61 12,307

11 Manual Post 2.01 2.800 4.40 10,663 ----

12 Manual Post 2.02 5.800 4.50 25,020 ----

13 Manual Post 2.04 7.600 4.40 35,046 ----

14 Manual Post 10.21 1.700 4.20 4,620 ----

15 Pond Route Post IMP 2.01 2.456 4.45 9,303 11 1021.38 3,197

16 Junction Post JUNC @ 2.021 8.196 4.50 34,323 12, 15

18 Junction Post JUNC @ 2.034 8.410 4.50 41,748 3, 16

19 Junction Post JUNC @ 2.041 8.844 4.50 45,109 5, 18

20 Junction Post JUNC BEFORE IMP-2A 17.17 4.40 88,812 6, 13, 14, 19

21 Junction Post JUNC @ 2.044 17.32 4.40 100,885 8, 20

22 Junction Post CP #2 25.57 4.40 155,531 10, 21
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Pre Basin 2 Hyd. No. 1

Hydrograph Type = Manual Peak Flow = 38.70 cfs

Storm Frequency = 100-yr Time to Peak = 4.80 hrs

Time Interval = 1 min Hydrograph Volume = 233,005 cuft
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post 10.16 Hyd. No. 2

Hydrograph Type = Manual Peak Flow = 3.000 cfs

Storm Frequency = 100-yr Time to Peak = 4.40 hrs

Time Interval = 1 min Hydrograph Volume = 11,242 cuft
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post IMP-10.16 Hyd. No. 3

Hydrograph Type = Pond Route Peak Flow = 0.445 cfs

Storm Frequency = 100-yr Time to Peak = 4.85 hrs

Time Interval = 1 min Hydrograph Volume = 7,425 cuft

Inflow Hydrograph = 2 - 10.16 Max. Elevation = 913.06 ft

Pond Name = IMP-10.16 Max. Storage = 8,683 cuft

Pond Routing by Storage Indication Method Center of mass detention time = 7.49 hrs

10.16 IMP-10.16
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-10.16 Stage-Storage

Description Input

Stage / Storage Table

Stage
(ft)

Elevation
(ft)

Contour Area
(sqft)

Incr. Storage
(cuft)

Total Storage
(cuft)

User Defined Contours

Bottom Elevation, ft

Voids (%)

Volume Calc

911.00

100.00

None

0.00 911.00 3,500 0.000 0.000

1.00 912.00 4,225 3,863 3,863

2.00 913.00 4,824 4,525 8,387

3.00 914.00 5,450 5,137 13,524

Contours Top of Pond

Total Storage (cuft)
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-10.16 Stage-Discharge

Culvert / Orifices

Rise, in

Span, in

No. Barrels

Invert Elevation, ft

Orifice Coefficient, Co

Length, ft

Barrel Slope, %

N-Value, n

Culvert
Orifices

1* 2* 3*

12 1.1 3 1

12 1.1 3 1

1 1 1 1

908.25 908.50 912.30 911.75

0.60 0.60 0.60 0.60

100

1

0.150

Orifice Plate

Orifice Dia, in

No. Orifices

Invert Elevation, ft

Height, ft

Orifice Coefficient, Co

Weirs

Shape / Type

Crest Elevation, ft

Crest Length, ft

Angle, deg

Weir Coefficient, Cw

Riser*
Weirs

1 2 3

Circular

913

3.14

3.3

Ancillary

Exfiltration, in/hr 0.30**

*Routes through Culvert. **Exfiltration extracted from outflow hydrograph. Rate applied to contours.

Top of Pond Culvert Orifice Orifice Orifice Exfil Total Q

Discharge (cfs)
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

El
ev
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Stage (ft)
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Stage-Discharge
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-10.16 Stage-Storage-Discharge Summary

Stage
(ft)

Elev.
(ft)

Storage
(cuft)

Culvert
(cfs)

Orifices, cfs

1 2 3

Riser
(cfs)

Weirs, cfs

1 2 3

Pf Riser
(cfs)

Exfil
(cfs)

User
(cfs)

Total
(cfs)

0.00 911.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

1.00 912.00 3,863 0.044 oc 0.032 0.000 0.012 0.000 0.029 0.073

2.00 913.00 8,387 0.253 oc 0.045 0.179 0.029 0.000 0.034 0.287

3.00 914.00 13,524 0.743 oc 0.000 0.000 0.000 0.000 0.038 0.781

Suffix key: ic = inlet control, oc = outlet control, s = submerged weir 9



Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-10.16 Pond Drawdown
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post 10.17 Hyd. No. 4

Hydrograph Type = Manual Peak Flow = 1.400 cfs

Storm Frequency = 100-yr Time to Peak = 4.25 hrs

Time Interval = 1 min Hydrograph Volume = 4,050 cuft
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Qp = 1.40 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-10.17 Hyd. No. 5

Hydrograph Type = Pond Route Peak Flow = 1.265 cfs

Storm Frequency = 100-yr Time to Peak = 4.28 hrs

Time Interval = 1 min Hydrograph Volume = 3,361 cuft

Inflow Hydrograph = 4 - 10.17 Max. Elevation = 878.75 ft

Pond Name = IMP-10.17 Max. Storage = 822 cuft

Pond Routing by Storage Indication Method Center of mass detention time = 33 min

10.17 IMP-10.17

Time (hrs)
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Qp = 1.27 cfs
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-10.17 Stage-Storage

Description Input

Stage / Storage Table

Stage
(ft)

Elevation
(ft)

Contour Area
(sqft)

Incr. Storage
(cuft)

Total Storage
(cuft)

User Defined Contours

Bottom Elevation, ft

Voids (%)

Volume Calc

878.00

100.00

None

0.00 878.00 1,100 0.000 0.000

0.75 878.75 1,103 826 826

1.50 879.50 1,311 905 1,732

2.00 880.00 1,500 703 2,434

Contours Top of Pond

Total Storage (cuft)
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

El
ev
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t)

878
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878.6

878.8

879
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879.8

880

Stage (ft)
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2

Stage-Storage
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-10.17 Stage-Discharge

Culvert / Orifices

Rise, in

Span, in

No. Barrels

Invert Elevation, ft

Orifice Coefficient, Co

Length, ft

Barrel Slope, %

N-Value, n

Culvert
Orifices

1 2 3

12

12

1

875.25

0.60

40

1

0.015

Orifice Plate

Orifice Dia, in

No. Orifices

Invert Elevation, ft

Height, ft

Orifice Coefficient, Co

Weirs

Shape / Type

Crest Elevation, ft

Crest Length, ft

Angle, deg

Weir Coefficient, Cw

Riser*
Weirs

1 2 3

Circular

878.5

3.14

3.3

Ancillary

Exfiltration, in/hr 0.30**

*Routes through Culvert. **Exfiltration extracted from outflow hydrograph. Rate applied to contours.

Top of Pond Culvert Riser Exfil Total Q

Discharge (cfs)
0 1 2 3 4 5 6

El
ev

 (f
t)

878

878.2

878.4

878.6

878.8

879

879.2

879.4

879.6

879.8

880

Stage (ft)

0

0.2

0.4

0.6

0.8

1
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1.4

1.6

1.8

2
Stage-Discharge
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-10.17 Stage-Storage-Discharge Summary

Stage
(ft)

Elev.
(ft)

Storage
(cuft)

Culvert
(cfs)

Orifices, cfs

1 2 3

Riser
(cfs)

Weirs, cfs

1 2 3

Pf Riser
(cfs)

Exfil
(cfs)

User
(cfs)

Total
(cfs)

0.00 878.00 0.000 0.000 0.000 0.000 0.000

0.75 878.75 826 1.295 oc 1.295 0.008 1.303

1.50 879.50 1,732 4.219 oc 4.219 ic 0.009 4.228

2.00 880.00 2,434 5.167 oc 5.167 ic 0.010 5.177

Suffix key: ic = inlet control, oc = outlet control, s = submerged weir 15



Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-10.17 Pond Drawdown
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post 10.18 Hyd. No. 6

Hydrograph Type = Manual Peak Flow = 1.300 cfs

Storm Frequency = 100-yr Time to Peak = 4.27 hrs

Time Interval = 1 min Hydrograph Volume = 4,037 cuft

Time (hrs)
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Qp = 1.30 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post 10.22 Hyd. No. 7

Hydrograph Type = Manual Peak Flow = 8.100 cfs

Storm Frequency = 100-yr Time to Peak = 4.25 hrs

Time Interval = 1 min Hydrograph Volume = 24,378 cuft

Time (hrs)
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Qp = 8.10 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-10.22 Hyd. No. 8

Hydrograph Type = Pond Route Peak Flow = 0.176 cfs

Storm Frequency = 100-yr Time to Peak = 6.07 hrs

Time Interval = 1 min Hydrograph Volume = 12,073 cuft

Inflow Hydrograph = 7 - 10.22 Max. Elevation = 767.58 ft

Pond Name = IMP-10.22 Max. Storage = 21,624 cuft

Pond Routing by Storage Indication Method Center of mass detention time = 14.44 hrs

10.22 IMP-10.22

Time (hrs)
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-10.22 Stage-Storage

Description Input

Stage / Storage Table

Stage
(ft)

Elevation
(ft)

Contour Area
(sqft)

Incr. Storage
(cuft)

Total Storage
(cuft)

User Defined Contours

Bottom Elevation, ft

Voids (%)

Volume Calc

765.00

100.00

None

0.00 765.00 6,960 0.000 0.000

1.00 766.00 8,009 7,485 7,485

2.00 767.00 9,114 8,562 16,046

3.00 768.00 10,275 9,695 25,741

4.00 769.00 11,494 10,885 36,625

5.00 770.00 10,275 10,885 47,510

Contours Top of Pond

Total Storage (cuft)
0 5000 10000 15000 20000 25000 30000 35000 40000 45000

El
ev

 (f
t)

765

766

767

768

769

770

Stage (ft)

0

1

2
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4

5

Stage-Storage
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-10.22 Stage-Discharge

Culvert / Orifices

Rise, in

Span, in

No. Barrels

Invert Elevation, ft

Orifice Coefficient, Co

Length, ft

Barrel Slope, %

N-Value, n

Culvert
Orifices

1 2* 3*

12 2 1.3

12 2 1.3

1 1 1

761.75 766.50 762.00

0.60 0.60 0.60

15

1

0.013

Orifice Plate

Orifice Dia, in

No. Orifices

Invert Elevation, ft

Height, ft

Orifice Coefficient, Co

Weirs

Shape / Type

Crest Elevation, ft

Crest Length, ft

Angle, deg

Weir Coefficient, Cw

Riser*
Weirs

1 2 3

Circular

768

4.19

3.3

Ancillary

Exfiltration, in/hr 0.30**

*Routes through Culvert. **Exfiltration extracted from outflow hydrograph. Rate applied to contours.

Top of Pond Culvert Riser Orifice Orifice Exfil Total Q

Discharge (cfs)
0 1 2 3 4 5 6 7 8 9 10 11

El
ev

 (f
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0
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5
Stage-Discharge
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-10.22 Stage-Storage-Discharge Summary

Stage
(ft)

Elev.
(ft)

Storage
(cuft)

Culvert
(cfs)

Orifices, cfs

1 2 3

Riser
(cfs)

Weirs, cfs

1 2 3

Pf Riser
(cfs)

Exfil
(cfs)

User
(cfs)

Total
(cfs)

0.00 765.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000

1.00 766.00 7,485 0.044 ic 0.000 0.044 0.000 0.056 0.100

2.00 767.00 16,046 0.131 ic 0.068 0.063 0.000 0.063 0.194

3.00 768.00 25,741 0.202 ic 0.125 0.077 0.000 0.071 0.273

4.00 769.00 36,625 7.746 ic 0.163 0.071 7.512 ic 0.080 7.826

5.00 770.00 47,510 10.53 ic 0.000 0.000 0.000 0.081 10.61

Suffix key: ic = inlet control, oc = outlet control, s = submerged weir 22



Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-10.22 Pond Drawdown
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post 2.06 Hyd. No. 9

Hydrograph Type = Manual Peak Flow = 11.00 cfs

Storm Frequency = 100-yr Time to Peak = 4.50 hrs

Time Interval = 1 min Hydrograph Volume = 62,100 cuft

Time (hrs)
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-2.06 Hyd. No. 10

Hydrograph Type = Pond Route Peak Flow = 9.804 cfs

Storm Frequency = 100-yr Time to Peak = 4.58 hrs

Time Interval = 1 min Hydrograph Volume = 54,646 cuft

Inflow Hydrograph = 9 - 2.06 Max. Elevation = 739.61 ft

Pond Name = IMP-2.06 Max. Storage = 12,307 cuft

Pond Routing by Storage Indication Method Center of mass detention time = 32 min

2.06 IMP-2.06

Time (hrs)
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-2.06 Stage-Storage

Description Input

Stage / Storage Table

Stage
(ft)

Elevation
(ft)

Contour Area
(sqft)

Incr. Storage
(cuft)

Total Storage
(cuft)

User Defined Contours

Bottom Elevation, ft

Voids (%)

Volume Calc

738.50

100.00

None

0.00 738.50 10,344 0.000 0.000

0.50 739.00 11,014 5,340 5,340

1.00 739.50 11,699 5,678 11,018

1.50 740.00 12,397 6,024 17,042

2.00 740.50 13,000 6,349 23,391

2.50 741.00 14,000 6,750 30,141

Contours Top of Pond

Total Storage (cuft)
0 5000 10000 15000 20000 25000 30000
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738.6

738.8
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-2.06 Stage-Discharge

Culvert / Orifices

Rise, in

Span, in

No. Barrels

Invert Elevation, ft

Orifice Coefficient, Co

Length, ft

Barrel Slope, %

N-Value, n

Culvert
Orifices

1 2 3

18

18

1

735.75

0.60

16

1

0.012

Orifice Plate

Orifice Dia, in

No. Orifices

Invert Elevation, ft

Height, ft

Orifice Coefficient, Co

Weirs

Shape / Type

Crest Elevation, ft

Crest Length, ft

Angle, deg

Weir Coefficient, Cw

Riser*
Weirs

1 2 3

Circular

739

6.28

3.3

Ancillary

Exfiltration, in/hr 0.30**

*Routes through Culvert. **Exfiltration extracted from outflow hydrograph. Rate applied to contours.

Top of Pond Culvert Riser Exfil Total Q

Discharge (cfs)
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Stage-Discharge
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-2.06 Stage-Storage-Discharge Summary

Stage
(ft)

Elev.
(ft)

Storage
(cuft)

Culvert
(cfs)

Orifices, cfs

1 2 3

Riser
(cfs)

Weirs, cfs

1 2 3

Pf Riser
(cfs)

Exfil
(cfs)

User
(cfs)

Total
(cfs)

0.00 738.50 0.000 0.000 0.000 0.000 0.000

0.50 739.00 5,340 0.000 ic 0.000 0.076 0.076

1.00 739.50 11,018 7.327 ic 7.327 0.081 7.408

1.50 740.00 17,042 15.92 ic 0.000 0.086 16.00

2.00 740.50 23,391 17.02 ic 0.000 0.090 17.11

2.50 741.00 30,141 18.05 ic 0.000 0.097 18.14

Suffix key: ic = inlet control, oc = outlet control, s = submerged weir 28



Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP-2.06 Pond Drawdown
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post 2.01 Hyd. No. 11

Hydrograph Type = Manual Peak Flow = 2.800 cfs

Storm Frequency = 100-yr Time to Peak = 4.40 hrs

Time Interval = 1 min Hydrograph Volume = 10,663 cuft

Time (hrs)
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Q
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3
Qp = 2.80 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post 2.02 Hyd. No. 12

Hydrograph Type = Manual Peak Flow = 5.800 cfs

Storm Frequency = 100-yr Time to Peak = 4.50 hrs

Time Interval = 1 min Hydrograph Volume = 25,020 cuft

Time (hrs)
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post 2.04 Hyd. No. 13

Hydrograph Type = Manual Peak Flow = 7.600 cfs

Storm Frequency = 100-yr Time to Peak = 4.40 hrs

Time Interval = 1 min Hydrograph Volume = 35,046 cuft

Time (hrs)
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Qp = 7.60 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post 10.21 Hyd. No. 14

Hydrograph Type = Manual Peak Flow = 1.700 cfs

Storm Frequency = 100-yr Time to Peak = 4.20 hrs

Time Interval = 1 min Hydrograph Volume = 4,620 cuft

Time (hrs)
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post IMP 2.01 Hyd. No. 15

Hydrograph Type = Pond Route Peak Flow = 2.456 cfs

Storm Frequency = 100-yr Time to Peak = 4.45 hrs

Time Interval = 1 min Hydrograph Volume = 9,303 cuft

Inflow Hydrograph = 11 - 2.01 Max. Elevation = 1021.38 ft

Pond Name = IMP 2.01 Max. Storage = 3,197 cuft

Pond Routing by Storage Indication Method Center of mass detention time = 45 min

2.01 IMP 2.01

Time (hrs)
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP 2.01 Stage-Storage

Description Input

Stage / Storage Table

Stage
(ft)

Elevation
(ft)

Contour Area
(sqft)

Incr. Storage
(cuft)

Total Storage
(cuft)

User Defined Contours

Bottom Elevation, ft

Voids (%)

Volume Calc

1020.00

100.00

None

0.00 1020.00 1,740 0.000 0.000

1.00 1021.00 2,477 2,109 2,109

2.00 1022.00 3,271 2,874 4,983

2.50 1022.50 3,690 1,740 6,723

Contours Top of Pond

Total Storage (cuft)
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP 2.01 Stage-Discharge

Culvert / Orifices

Rise, in

Span, in

No. Barrels

Invert Elevation, ft

Orifice Coefficient, Co

Length, ft

Barrel Slope, %

N-Value, n

Culvert
Orifices

1* 2 3

12 1

12 1

1 1

1015.50 1015.75

0.60 0.60

68

2

0.013

Orifice Plate

Orifice Dia, in

No. Orifices

Invert Elevation, ft

Height, ft

Orifice Coefficient, Co

Weirs

Shape / Type

Crest Elevation, ft

Crest Length, ft

Angle, deg

Weir Coefficient, Cw

Riser*
Weirs

1 2 3

Circular

1021

3.14

3.3

Ancillary

Exfiltration, in/hr 0.30**

*Routes through Culvert. **Exfiltration extracted from outflow hydrograph. Rate applied to contours.

Top of Pond Culvert Riser Orifice Exfil Total Q
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Pond Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

IMP 2.01 Stage-Storage-Discharge Summary

Stage
(ft)

Elev.
(ft)

Storage
(cuft)

Culvert
(cfs)

Orifices, cfs

1 2 3

Riser
(cfs)

Weirs, cfs

1 2 3

Pf Riser
(cfs)

Exfil
(cfs)

User
(cfs)

Total
(cfs)

0.00 1020.00 0.000 0.000 0.000 0.000 0.000 0.000

1.00 1021.00 2,109 0.026 oc 0.026 0.000 0.017 0.043

2.00 1022.00 4,983 4.256 oc 0.037 4.219 ic 0.023 4.278

2.50 1022.50 6,723 5.208 oc 0.042 5.167 ic 0.026 5.234

Suffix key: ic = inlet control, oc = outlet control, s = submerged weir 37
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IMP 2.01 Pond Drawdown
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post JUNC @ 2.021 Hyd. No. 16

Hydrograph Type = Junction Peak Flow = 8.196 cfs

Storm Frequency = 100-yr Time to Peak = 4.50 hrs

Time Interval = 1 min Hydrograph Volume = 34,323 cuft

Inflow Hydrographs = 12, 15 Total Contrib. Area = 0.0 ac

2.02 IMP 2.01 JUNC @ 2.021
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Qp = 8.20 cfs
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post JUNC @ 2.034 Hyd. No. 18

Hydrograph Type = Junction Peak Flow = 8.410 cfs

Storm Frequency = 100-yr Time to Peak = 4.50 hrs

Time Interval = 1 min Hydrograph Volume = 41,748 cuft

Inflow Hydrographs = 3, 16 Total Contrib. Area = 0.0 ac

IMP-10.16 JUNC @ 2.021 JUNC @ 2.034
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post JUNC @ 2.041 Hyd. No. 19

Hydrograph Type = Junction Peak Flow = 8.844 cfs

Storm Frequency = 100-yr Time to Peak = 4.50 hrs

Time Interval = 1 min Hydrograph Volume = 45,109 cuft

Inflow Hydrographs = 5, 18 Total Contrib. Area = 0.0 ac

IMP-10.17 JUNC @ 2.034 JUNC @ 2.041
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post JUNC BEFORE IMP-2A Hyd. No. 20

Hydrograph Type = Junction Peak Flow = 17.17 cfs

Storm Frequency = 100-yr Time to Peak = 4.40 hrs

Time Interval = 1 min Hydrograph Volume = 88,812 cuft

Inflow Hydrographs = 6, 13, 14, 19 Total Contrib. Area = 0.0 ac

10.18 2.04 10.21 JUNC @ 2.041 JUNC BEFORE IMP-2A
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post JUNC @ 2.044 Hyd. No. 21

Hydrograph Type = Junction Peak Flow = 17.32 cfs

Storm Frequency = 100-yr Time to Peak = 4.40 hrs

Time Interval = 1 min Hydrograph Volume = 100,885 cuft

Inflow Hydrographs = 8, 20 Total Contrib. Area = 0.0 ac

IMP-10.22 JUNC BEFORE IMP-2A JUNC @ 2.044

Time (hrs)
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Hydrograph Report Project Name: 

Hydrology Studio v 3.0.0.13 12-17-2019

Post CP #2 Hyd. No. 22

Hydrograph Type = Junction Peak Flow = 25.57 cfs

Storm Frequency = 100-yr Time to Peak = 4.40 hrs

Time Interval = 1 min Hydrograph Volume = 155,531 cuft

Inflow Hydrographs = 10, 21 Total Contrib. Area = 0.0 ac

IMP-2.06 JUNC @ 2.044 CP #2
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Post-Development Hydrology Calculations Basins X

San Diego County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2005 Version 7.5

Rational method hydrology  program based on
San Diego County Flood Control Division 2003 hydrology manual

Rational Hydrology Study        Date: 12/27/13
------------------------------------------------------------------------
Shadow Run Ranch - PN 4201
Post Development Hydrology Calculations 
Sample lot
File: hydlot4201.dwg
------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

------------------------------------------------------------------------

Program License Serial Number 4065

------------------------------------------------------------------------
Rational hydrology study storm event year is   100.0
English (in-lb) input data Units used

Map data precipitation entered:
6 hour,  precipitation(inches) =  3.700
24 hour precipitation(inches) =  7.500
P6/P24 =    49.3%
San Diego hydrology manual 'C' values used

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.000 to Point/Station        2.000
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Decimal fraction soil group A = 1.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[LOW DENSITY RESIDENTIAL                     ] 
(1.0 DU/A or Less       ) 
Impervious value, Ai = 0.100
Sub-Area C Value = 0.270
Initial subarea total flow distance  =  166.000(Ft.)
Highest elevation = 1000.000(Ft.)
Lowest elevation =  999.000(Ft.)
Elevation difference =    1.000(Ft.) Slope =  0.602 %
Top of Initial Area Slope adjusted by User to  1.000 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:
The maximum overland flow distance is 70.00 (Ft)
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for the top area slope value of   1.00 %, in a development type of
 1.0 DU/A or Less       
In Accordance With Figure 3-3 
Initial Area Time of Concentration =  12.50 minutes
TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)]
TC = [1.8*(1.1-0.2700)*(  70.000^.5)/(   1.000^(1/3)]=  12.50
Rainfall intensity (I) =      5.399(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.270
Subarea runoff =      0.583(CFS)
Total initial stream area =        0.400(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.000 to Point/Station        3.000
**** IRREGULAR CHANNEL FLOW TRAVEL TIME ****
______________________________________________________________________
Estimated mean flow rate at midpoint of channel =      1.324(CFS)
Depth of flow =   0.087(Ft.), Average velocity =   2.316(Ft/s)

******* Irregular Channel Data ***********
-----------------------------------------------------------------
Information entered for subchannel number 1 :
Point number      'X' coordinate     'Y' coordinate

1              0.00              0.50
2             47.00              0.00
3             75.00              0.50

Manning's 'N' friction factor =   0.025
-----------------------------------------------------------------
Sub-Channel flow  =      1.324(CFS)
  '     '  flow top width =     13.093(Ft.)
  '     '    velocity=    2.316(Ft/s)
  '     '  area =      0.571(Sq.Ft)
  '     '  Froude number =     1.954 

Upstream point elevation =   999.000(Ft.)
Downstream point elevation =   956.500(Ft.)
Flow length =   430.000(Ft.)
Travel time  =    3.09 min.
Time of concentration =   15.59 min.
Depth of flow =   0.087(Ft.)
Average velocity =   2.316(Ft/s)
Total irregular channel flow =     1.324(CFS)
Irregular channel normal depth above invert elev. =   0.087(Ft.)
Average velocity of channel(s) =   2.316(Ft/s)
 Adding area flow to channel
Decimal fraction soil group A = 1.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
[UNDISTURBED NATURAL TERRAIN                 ] 
(Permanent Open Space   ) 
Impervious value, Ai = 0.000
Sub-Area C Value = 0.200
Rainfall intensity =      4.681(In/Hr) for a   100.0 year storm
Effective runoff coefficient used for total area
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(Q=KCIA) is C = 0.214  CA =      0.428
Subarea runoff =      1.420(CFS) for      1.600(Ac.)
Total runoff =      2.003(CFS) Total area =       2.000(Ac.)
Depth of flow =   0.102(Ft.), Average velocity =   2.569(Ft/s)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        3.000 to Point/Station        4.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =   956.500(Ft.)
Downstream point/station elevation =   956.000(Ft.)
Pipe length  =    49.00(Ft.)   Manning's N = 0.015
No. of pipes = 1  Required pipe flow  =     2.003(CFS)
Nearest computed pipe diameter  =     12.00(In.)
Calculated individual pipe flow  =     2.003(CFS)
Normal flow depth in pipe =    7.00(In.)
Flow top width inside pipe =   11.83(In.)
Critical Depth =    7.25(In.)
Pipe flow velocity =      4.22(Ft/s)
Travel time through pipe =    0.19 min.
Time of concentration (TC) =    15.79 min.
End of computations, total study area =           2.000 (Ac.)
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Post-Development hydrology Calculations - Basin–3 
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APPENDIX “D”

FREY CREEK HYDRAULICS
BASIN – 3

HEC-2 Sections
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APPENDIX “E”

Existing / Proposed storm drain Hydraulics

Basin 1, 2 and 3
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ATTACHMENT – 1
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Draft Grading Plan Notes (must be included on the Preliminary Grading Plan for public review and public

hearing):

PRE-CONSTRUCTION MEETING: (Prior to Preconstruction Conference, and prior to any clearing, grubbing,

trenching, grading, or any land disturbances.)

(BIOLOGICAL RESOURCES)

BIO GR#1 -TEMPORARY FENCING: [PDS, PCC] [DPW,PDCI] [PC] [PDS, FEE].  INTENT:  

DESCRIPTION OF REQUIREMENT:  

DOCUMENTATION:  

PDS, PCC  TIMING:  

 MONITORING: PDS,

PCC

BIO GR#2 -RESOURCE AVOIDANCE: [PDS, PCC] [DPW, PDCI] PDS, FEE X2].

INTENT:   

DESCRIPTION OF REQUIREMENT

DOCUMENTATION:  

TIMING:  

MONITORING: DPW,

PDCI

(CULTURAL RESOURCES)

CULT GR#-1-ARCHAELOGICAL MONITORING [PDS, FEE X2]

INTENT: 

DESCRIPTION OF REQUIREMENT: 

DOCUMENTATION

TIMING

MONITORING DPW, PDCI PDS,

PCC

PDS, PCC

(PALEONTOLOGICAL RESOURCES)

PALEO GR#1 - PALEONTOLOGICAL MONITORING: [DPW, PDCI] [PDS, PCC] [PC] [PDS, FEE X2]

INTENT:  

DESCRIPTION OF

REQUIREMENT:  

DOCUMENTATION

TIMING

MONITORING DPW, PDCI PDS, PCC

PDS, PCC

DURING CONTRUCTION:   (The following actions shall occur throughout the duration of the grading

construction).

(AIR QUALITY)

AIR GR#1-AIR QUALITY

INTENT: DESCRIPTION OF

REQUIREMENT:  

DOCUMENTATION: TIMING:

 MONITORING: 

DPW, PDCI

DPW, PDCI PDS, PCC

(BIOLOGICAL RESOURCES)

BIO GR#3 - BIOLOGICAL MONITORING [PDS, FEE X3]

INTENT: 

 

DESCRIPTION OF REQUIREMENT: 

PDS PCC

PDS PCC

PDS PCC

DOCUMENTATION: PDS, PCC

TIMING

MONITORING: 

DPW, PDCI

DPW, PDCI

PDS, PCC

PDS, PCC

(CULTURAL RESOURCES)

CULT #GR-2-ARCHAEOLOGICAL MONITORING [PDS, FEE X2]

INTENT:  

DESCRIPTION OF REQUIREMENT: 

DOCUMENTATION

TIMING

MONITORING: DPW, PDCI

DPW, PDCI PDS, PCC

(PALEONTOLOGICAL RESOURCES)

PALEO GR#2 - PALEONTOLOGICAL MONITORING: [DPW, PDCI] [PDS, PCC] [PC] [PDS, FEE X2]

INTENT:  

DESCRIPTION OF REQUIREMENT:  

DOCUMENTATION

TIMING

MONITORING: DPW, PDCI

DPW, PDCI PDS, PCC

ROUGH GRADING: (Prior to rough grading approval and issuance of any building permit).

(BIOLOGICAL RESOURCES)

BIO GR#4 - BIOLOGICAL MONITORING [PDS, FEE]

INTENT:

DESCRIPTION OF REQUIREMENT:   

DOCUMENTATION:  PDS, PCC

TIMING: 

MONITORING: PDS, PCC

(CULTURAL RESOURCES)

CULT #GR-3-ARCHAEOLOGICAL MONITORING [PDS, FEE]

INTENT:

DESCRIPTION OF REQUIREMENT:  

DOCUMENTATION:  PDS, PCC

TIMING: 

MONITORING: PDS, PCC

(PALEONTOLOGICAL RESOURCES)

PALEO GR#3 - PALEONTOLOGICAL MONITORING: [PDS, PCC] [RG, BP] [PDS, FEE].

INTENT:  

DESCRIPTION OF REQUIREMENT:  

 

PDS, PCC

 

DOCUMENTATION:  PDS, PCC

TIMING: 

MONITORING: PDS, PCC

FINAL GRADING RELEASE:  (Prior to any occupancy, final grading release, or use of the premises in

reliance of this permit).

(BIOLOGICAL RESOURCES)

BIO GR#5 - OPEN SPACE SIGNAGE & FENCING [PDS, FEE]

INTENT:

DESCRIPTION

OF REQUIREMENT: 

Sensitive Environmental Resources

 Area Restricted by Easement

PDS20013100 5223, Env. Log. 3910-00-02-035)

DOCUMENTATION:  

PDS, PCCTIMING:  

MONITORING: PDS, PCC

BIO GR#6 - EASEMENT AVOIDANCE [PDS, FEE]

INTENT:

DESCRIPTION OF REQUIREMENT: 

DOCUMENTATION: PDS, PCC

TIMING: 

MONITORING: DPW, PDCI

(CULTURAL RESOURCES)

CULT #GR-4-ARCHAEOLOGICAL MONITORING [PDS, FEE]

INTENT:

DESCRIPTION OF REQUIREMENT:  

DOCUMENTATION:  PDS, PCC    

TIMING: 

MONITORING: 

PDS, PCC

[PDS, PCC] [PDS, LDR] [DPW, PDCI]

[PDS, PCC] [PDS or DPW FISCAL]

(PALEONTOLOGICAL RESOURCES)

PALEO GR#5 - PALEONTOLOGICAL MONITORING: [PDS, PCC] [RG, BP] [PDS, FEE].

INTENT:  

DESCRIPTION OF REQUIREMENT:  

DOCUMENTATION:  PDS, PCC

TIMING: 

MONITORING:

PDS, PCC
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Regional map: 

 

Project location Map: 
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Methodology: 

The peak runoff for the 2, 5, 10, 25, 50 and 100 year frequency storms have been calculated on the 

previous page and summarize on this page, in accordance with the requirements of the County of San 

Diego Hydrology Manual. The relationship between the values of the storms remains fairly consistent. 

The relationship between runoff intensity / flow is 1.6:1 for storm frequencies that have a return 

frequency that is 10:1. For example: 

The flow for a 50 year storm is 1.6 times the flow rate for a 5 year storm and the flow rate for a 100 year 

storm is 1.6 times the flow rate for a 10 year storm.  

Using this relationship we can extrapolate and calculate the peak flow rate for a 1000 year storm, which 

would be 1.6 times the 100 year storm (or 21.1 cfs).
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Therefore, we have shown that the spillway is more than sufficient to convey the 1000 year 

storm. 
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May 31, 2013 
  
 
Sherrill Schoepe 
Shadow Run Ranch, LLC 
Post Office Box 1249 
Pauma Valley, CA 92061 
 
RE: Scoping letter comment DPLU 20-5 
 
Dear Ms. Schoepe: 
 
This letter is to address DPLU Comment #20-5, in the County of San Diego EIR Scoping Letter 
dated December 14, 2012, it states:  
 

Page 6-7, Other Hazards. The geotechnical report states that the project drainage 
system should be checked for its ability to handle short-term, concentrated flows if 
significant reservoir overtopping were to occur during an earthquake. Please include 
an addendum to the geotechnical report which provides a detailed evaluation of the 
project drainage system and whether it can handle short-term concentrated flows if 
significant reservoir overtopping were to occur. The addendum should consider the 
worst case scenario of failure of the existing reservoir embankment in its evaluation. 
The addendum should include specific design measures as necessary to dissipate 
and/or divert flows to levels that ensure the safety of all proposed house pads to be 
placed below the dam. The addendum shall include the following concluding 
statement and must be signed and stamped by a California Certified Engineering 
Geologist and if necessary a California Licensed Civil Engineer: “Based on the 
available information described in this addendum, it is the opinion of the 
undersigned, that the measures described herein are sufficient to assure the house 
pads would be safe from the potential effects of dam inundation at the site.” 
12/14/2012 2nd Request. This comment was not addressed.  

 
Per this request we have looked into the proposed downstream drainage system and have 
determined that the proposed downstream drainage system is sized appropriately to convey the 
water outlined in the seiche overtopping scenario italicized below for the short term 
concentrated flow.  
 

From URS ‐ We modeled the reservoir water level like a seiche, with a 1‐ft wave running up 
the inner slope of the reservoir. Based on this we estimate the reservoir could overflow (or 
overtop) at a rate of about 0.2 ft3/ft‐sec.  

 
The area of most concern is the southwesterly portion of the reservoir facing the proposed 
project. This area has a total overtopping rate of 62 cfs. This area is upstream from a proposed 
1,415 s.f. hydro-modification basin 2A.1. HMP basin 2A.1 has been designed to accommodate 
water storage of 1,179 cubic feet, which is several times the amount of the overtopping volume. 
This basin has a 36” stand pipe and an outlet flow capacity of 24 cfs. Therefore, the overtopping 
flows would not exceed the original design capacity of the proposed drainage system. 



Sherrill Schoepe 
Shadow Run Ranch, LLC 
PN 4021, Shadow Run 
Date: May 31, 2013 
Page 2 of 3 

I:\DWG\04\4201\PROD\Scoping letter comment DPLU 20-5.doc 

 
 
 
With regard to the worst case scenario of failure, by piping, we reference the URS letter dated 
May 22, 2013 which includes a proposal for a synthetic liner system. Preliminary 
recommendations for the liner, based on input from URS and liner manufacturers, are attached. 
In our opinion, a properly designed and installed impervious liner system would be sufficient to 
mitigate the hazard of piping related seepage from the reservoir. 
 
Sincerely,  
 

 
Bruce A. Tait, QSP/QSD 
Director of Engineering 
 
 
 
Cc: David Schug 
Cc: Robert Hingtgen 
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Reservoir area: 

1.0 Purpose of Document 

The proposed project’s HOA, County of San Diego as well as the ongoing agricultural 
operations and future home owners of the project are stakeholders in this Operations and 
Maintenance Plan (O&M). The following is an outline of the system and elements affected by 
this O&M. The operation and maintenance of the existing reservoir are the responsibility of 
the project proponent and their successors in title. The operation and maintenance 
associated with the existing reservoir are discussed below. The discussion includes a routine 
action, maintenance indicator, field observation methods, frequency, and maintenance 
activity.  Costs associated with each activity are included. The scope and purpose of this O&M 
is to ensure the operational items associated with the existing reservoir are working properly 
and the safety and stability of the reservoir are maintained at optimum working levels.  

The Four primary maintenance areas for the reservoir are as follows:  

1. Reservoir embankment [AREA 1] 
a. Stability 
b. Landscaping 
c. Irrigation 
d. Burrowing animals 

2. Reservoir spillway [AREA 2] 
a. Stability 
b. Energy dissipaters 
c. Scour 

3. Reservoir drain lines [AREA-3] 
a. Pipeline condition 
b. Shutoff valves 
c. Drain valves 

4. Monitoring wells [AREA-4] 
a. Depth to ground water 

The landscape architect should choose plant coverage for slope protection and erosion control 
along the outer edge of the reservoir embankment that will be high in erosion control value with 
shallow root systems and which will deter small burrowing animals. The reservoir slope 
embankment shall be watered sparingly to maintain landscape coverage for erosion control. 

2.0 Facilities and Resources 

The facilities and resources identified to be managed and inspected are shown above and 
attached as graphic EXHIBIT “A” - “RESERVOIR AREAS”. The management and 
inspection of the reservoir will be the responsibility of the ownership of the recreational open 
space lot 47 of TM 5223 (the homeowners association (HOA)). The property manager(s) of the 
HOA shall at all times have a qualified grove manager(s) that will be employed by said HOA 
and have a set number of hours dedicated monthly to inspect and fill out inspection reports in 
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conformance with this Operations and Maintenance Plan.  The Grove Manager will receive on-
site training in the proper maintenance and repair of the facility. The HOA shall dedicate $6,000 
yearly and have a reserve fund to anticipate any startup and ongoing maintenance of the reservoir 
systems. Additionally the reservoir shall be inspected by a registered Civil Engineer or registered 
Geologist on a yearly basis for any additional recommendations. 

3.0 Operations  

The goal of this O&M is to ensure safety and operational conditions of all reservoir systems on a 
monthly basis. This includes; testing the valves on the two (2) 6” irrigation/down drain lines and 
the one (1) 10” down drain line. These valves and pipes shall be maintained and operational so 
that they can be utilized in case of an emergency to drawdown ½ the reservoir capacity within 7 
days, and completely drain the reservoir within 20 days. 

The report shall contain, at a minimum, the following items: Example inspection report attached 
as Exhibit “B”.  

Inspection Protocol: Inspections will include: 

 Date of inspection 
 Reservoir level 
 Water use in previous month 
 Note any unusual signs of changed 

water levels 
 Condition of the spillway 
 Check scour and erosion 
 Condition of the 6” drain line 
 Condition of the 10” drain line 

 Overall embankment stability 
 Any signs of slope movement  
 Any signs of seepage around or 

below reservoir 
 Any rock falls nearby 
 Vegetation control 
 Control of burrowing animals 
 Irrigation control 
 Three existing monitoring wells 

 



Attachment 5 ‐ Reservoir O  M ‐ (06‐30‐2014).docx    Page 5 of 18 
 

Inspections: 

The grove manager shall visually inspect on a monthly basis, the entire slope 
embankment [Area 1] of the reservoir including the spillway [Area 2] looking for any 
settlement, surface cracking, burrowing animals, overwatering and seepage. In addition 
the (2) 6” drain line pipes and (1) 10” drain line pipe [Area 3] shall be tested monthly, to 
ensure the valves and drain capacities are working properly.  

On a monthly basis, or if an earthquake is felt at or near the reservoir (as outlined below), 
measure and record the depth to groundwater in the three existing monitoring wells at the 
top of the reservoir embankment [Area 4].  The HOA shall be notified immediately if any 
substantially changed groundwater levels are indicated. The reports shall be submitted to 
the HOA and COSD within 10 working days of the date of the inspection and will be 
filed in the HOA manager’s office and shall be stored for 5 years. 

Special inspections: 

If an earthquake occurs at or near the reservoir, or has been reported to occur, within the 
following criteria, immediate inspection shall be required: 

 M ≥ 4.0 w/in 25 miles,  
 M ≥ 5.0 w/in 50 miles,  
 M ≥ 6.0 w/in 75 miles,  
 M ≥ 7.0 w/in 125 miles, 
 M ≥ 8.0 w/in 200 miles, 

If such an earthquake occurs, the following items shall be inspected and reported upon: 

 Date of inspection 
 Reservoir level 
 Water use in previous month 
 Note any unusual signs of 

changed water levels 
 Condition of the spillway 
 Check scour and erosion 
 Condition of the 6” drain line 
 Condition of the 10” drain line 

 Overall embankment stability 
 Any signs of slope movement  
 Any signs of seepage around or 

below reservoir 
 Any rock falls nearby 
 Vegetation control 
 Control of burrowing animals 
 Irrigation control 
 Three existing monitoring wells 

 

 Repairs recommended in the inspection reports shall be accomplished within: 10 
working days, or immediately for repairs that are mandated by reservoir stability issues. 
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4.0 Maintenance / Repair 

IMPLEMENTATION AND MAINTENANCE REQUIREMENTS 
 
 
The primary maintenance requirements for the reservoir are as follows:  
 
 Weed, prune, and water, especially during plant establishment 
 Keep landscape healthy and clean 
 The grounds, consisting of the inner embankment and the perimeter pad, shall be free 

of large deep rooted trees and bushes 
 Maintain control of small burrowing animals 
 When encountered burrowing animals shall be removed and any holes filled in 

 
Aesthetic and Functional Maintenance:  
 
Aesthetic maintenance is important for public acceptance of facilities. Functional 
maintenance is important for performance and safety reasons.  
 
Both forms of maintenance will be combined into overall system maintenance.  
 
Aesthetic Maintenance  
 
The following activities will be included in the aesthetics maintenance program: 
 

 Replace dead or dying plants.  
 Weed Control.  
 Weeds will be removed through mechanical means.  
 Herbicide will not be used because these chemicals impact the water quality. 
 Prune overgrown plants. 

 
Functional Maintenance  
 
Components of a Functional Maintenance program include Preventive Maintenance and 
Corrective Maintenance. 
 
a. Preventive Maintenance - Preventive maintenance activities to be instituted are: 
 

 Trash and Debris. During each inspection, debris and trash removal will be 
conducted. 

 Down drain outlet piping: Visual inspection of (2) 6” drain line pipes and (1) 10” 
drain line pipe shall be inspected and checked for leaking and or corrosive 
condition.  

 Test down drain system. During each inspection, each down drain pipe shall be 
tested. Open valves and check valves and piping for any leaking. 
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 Sediment Removal. Sediment accumulation, as part of the operation and 
maintenance program at the spillway, will be monitored quarterly during the dry 
season, and after every large storm (0.50 inch), and monthly during the wet 
season. If accumulation of debris or sediment is determined to cause of decline in 
design performance, prompt action (i.e., within ten working days) will be taken to 
restore to design performance standards. Actions will include removal of 
sediment. Characterization and appropriate disposal of sediment will comply with 
applicable local, county, state, or federal requirements.  

 Removal of Standing Water - Standing water must be removed if it contributes to 
the development of aquatic plant communities or mosquito breeding areas. Water 
standing for more than 96 hours will be removed. 

 Fertilization – Any vegetation seed mix will be designed so that fertilization and 
irrigation (after establishment of the planting) is not necessary. Fertilizers will not 
be used to maintain the vegetation. 

 On a monthly basis, and if an earthquake is felt at or near the reservoir (as 
outlined above) measure and record the depth to groundwater in the three existing 
monitoring wells at the top of the reservoir embankment. Notify the HOA and the 
Geotechnical Engineer of Record immediately if any substantially changed 
groundwater levels are indicated. 

 
b. Corrective Maintenance - Corrective maintenance is required on an emergency or 

non-routine basis to correct problems and to restore the intended operation and safe 
function.  
 
Corrective maintenance activities include:  

 
 Removal of Debris and Sediment - Sediment, debris and trash, which impede the 

hydraulic functioning of reservoir spillway and vegetative growth, will be 
removed and properly disposed.  

 Down drain outlet piping – two (2) 6” drain line pipes and one (1) 10” drain line 
pipe. Paint exposed piping, poly-wrap pipe protection if necessary, replace 
damaged sections.  

 Test down drain system. Replace valves if necessary.  
 Embankment and Slope Repairs – Damaged to slopes and embankments will be 

evidenced by erosion or collapsed surface areas. Once deemed necessary, damage 
to the slopes of the reservoir embankment will be repaired (within 10 working 
days).  

 Erosion Repair – Erosion will be evident by rills or small gullies in the surfaces of 
the reservoir embankment slope. Corrective steps will be taken to prevent loss of 
soil and any subsequent danger to the performance of the reservoir embankment. 
There are a number of corrective actions that can be taken. These include 
temporary measures such as erosion control blankets or reducing flow through the 
area. Designers or contractors will be consulted to address erosion problems if the 
solution is not evident.  

 Elimination of Animal Burrows - Animal burrows (evidenced by holes & 
mounds) will be filled and steps taken to remove the animals if burrowing 
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problems continue to occur (filling and compacting). If the problem persists, 
vector control specialists will be consulted regarding removal steps. This 
consulting is necessary as the threat of rabies in some areas may necessitate the 
animals being destroyed rather than relocated. If the reservoir embankment 
performance is affected, abatement will begin. Otherwise, abatement will be 
performed annually in September.  

 General Facility Maintenance - In addition to the above elements of corrective 
maintenance, general corrective maintenance will address the overall facility and 
its associated components. If corrective maintenance is being done to one 
component, other components will be inspected to see if maintenance is needed.  

 Replace dead or dying plant material. 
 

Table 1: Shadow Run Ranch Reservoir Operations and Maintenance Plan Schedule 

Action  Responsible 

Party 

Frequency Threshold for Action Reporting 

Requirement 

Inspect 

Embankment, 

Reservoir, 

Spillway 

HOA, Grove 

Manager 

Monthly or 

as needed 

As regularly scheduled for 

the month or after any 

ground shaking, 

unexpected change in 

water level, reported 

change in embankment 

vegetation cover or report 

of changes by residences. 

Reservoir 

Maintenance 

Record 

Monthly 

Entry or after 

specific  

incident 

Inspect 

Embankment, 

Reservoir, 

Spillway 

HOA, 

Geotechnical 

Engineer 

Annually 

or as 

needed 

As regularly scheduled for 

the year or as requested 

by HOA 

Reservoir 

Maintenance 

Record 

Annual Entry 

or after 

specific call 

       

       

       

       

       



Attachment 5 ‐ Reservoir O  M ‐ (06‐30‐2014).docx    Page 9 of 18 
 

Table 2: Observations Triggering Non-Routine Maintenance and Repairs 

No. Inspection Procedure Trigger Follow-up 

1 Reservoir level Determine 
normal range of 
elevation 
changes 
considering 
rainfall, 
humidity, 
temperature, 
grove irrigation 
rates, etc. 

If the reservoir 
level drops more 
than 15% beyond 
the expected 
amount, and there 
is no visible 
leakage or seepage, 
or pipe leakage, 
contact the 
Geotechnical 
Engineer of Record 
(GER) 
immediately. 

Geotechnical Engineer 
of Record shall perform 
an inspection within 10 
calendar days and 
determine the cause of 
the unexpected drop in 
reservoir level. The 
GER shall recommend a 
repair and specify a 
deadline for the repair, 
based on the level of 
urgency of the problem. 

2  Water use in 
previous month 

__________C.F
. 

See Item 1, above  

3  Note any 
unusual signs of 
changed water 
levels 

 See Item 1, above  

4  Condition of the 
spillway 

Inspect per 
Section 4 of the 
report. 

If there are any 
cracks, or leaks in 
the spillway, 
contact the Civil 
Engineer of Record 
(CER) 
immediately. 

The CER shall perform 
an inspection within 10 
calendar days and 
determine the cause of 
the leaks or cracks. The 
CER shall recommend a 
repair and specify a 
deadline for the repair, 
based on the level of 
urgency of the problem. 

5  Check scour 
and erosion 

Inspect per 
Section 4 of the 
report. 

If there is any 
evidence of 
excessive (more 
than 6”) scour or 
erosion below the 

The CER shall perform 
an inspection within 10 
calendar days and 
determine the cause of 
the excessive scour or 
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spillway, or on the 
embankment, 
contact the Civil 
Engineer of Record 
(CER). Otherwise, 
follow the 
procedures in 
Section 4 of the 
report. 

erosion. The CER shall 
recommend a repair and 
specify a deadline for 
the repair, based on the 
level of urgency of the 
problem. 

6  Condition of the 
6” drain line 

Inspect per 
Section 4 of the 
report. 

If valves do not 
operate properly, 
repair or replace 
within 14 calendar 
days. 

 

7  Condition of the 
10” drain line 

Inspect per 
Section 4 of the 
report. 

If valves do not 
operate properly, 
repair or replace 
within 14 calendar 
days. 

 

8  Overall 
embankment 
stability 

Inspect per 
Section 4 of the 
report. 

If there are signs of 
movement of the 
embankment, 
contact the GER 
immediately. 

Consult with the GER 
immediately to 
determine if an 
immediate evacuation is 
necessary. Otherwise the 
GER shall perform an 
inspection within 24 
hours and determine the 
cause of the 
embankment movement. 
The GER shall 
recommend a repair and 
specify a deadline for 
the repair, based on the 
level of urgency of the 
problem. 

9  Any signs of 
slope movement  

See Item 8, 
above. 
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10  Any signs of 
seepage around 
or below 
reservoir 

Inspect per 
Section 4 of the 
report. 

If there are signs of 
excessive seepage 
of the embankment, 
contact the GER 
immediately. 

Consult with the GER 
immediately to 
determine if an 
immediate evacuation is 
necessary. Otherwise the 
GER shall perform an 
inspection within 24 
hours and determine the 
cause of the seepage. 
The GER shall 
recommend a repair and 
specify a deadline for 
the repair, based on the 
level of urgency of the 
problem. 

11  Any rock falls 
nearby 

Inspect per 
Section 4 of the 
report. 

If the rock falls are 
indicative of 
movement of the 
embankment or the 
immediately 
adjacent soils or 
rocks, contact the 
GER immediately. 

Consult with the GER 
immediately to 
determine if an 
immediate evacuation is 
necessary. Otherwise the 
GER shall perform an 
inspection within 24 
hours and determine the 
cause of the rockfall. 
The GER shall 
recommend a repair and 
specify a deadline for 
the repair, based on the 
level of urgency of the 
problem. 

12  Vegetation 
control 

Inspect, 
maintain and 
repair per 
Section 4 of the 
report. 

  

13  Control of 
burrowing 
animals 

Inspect, 
maintain and 
repair per 
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Section 4 of the 
report. 

14  Irrigation 
control 

Check for 
overwatering. 

Adjust irrigation 
rate. 

 

15  Three existing 
monitoring 
wells 

Inspect, 
maintain and 
repair per 
Section 4 of the 
report. 
Determine the 
normal 
relationship 
between the 
water level in 
the wells and 
the reservoir. 

If the water level in 
the wells does not 
follow the normal 
relationship 
between the wells 
and the reservoir, 
contact the GER 
immediately. 

Consult with the GER 
immediately to 
determine if an 
immediate evacuation is 
necessary. Otherwise the 
GER shall perform an 
inspection within 10 
calendar days and 
determine the cause of 
the rockfall. The GER 
shall recommend a 
repair and specify a 
deadline for the repair, 
based on the level of 
urgency of the problem. 

      

      

 

 

Regulatory Assurance  

Implementation of this Operation and Maintenance plan is assured through an ongoing 
condition of Major Use Permit #  3300-00-030 . 
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Maintenance Costs 
 
A detailed cost breakdown for the operation & maintenance of each area / system are 
attached and made part of this document.  Total estimated annual costs for each are: 
 
Reservoir embankment = $2000 
Down drain piping = $500 
Water valves = $500 
Landscaping = $2000 
Irrigation = $500 
Burrowing animals = $500 
Total ---------------------------- $6000 yearly. 
 
 
Inspection Frequency  
 

 All items above will be monitored monthly and after every large storm 
(rainfall of 0.50 inch or more). 

 After each seismic event as listed above. 
 
Each inspection will be fully documented and made available upon request. Records will 
be kept for a minimum of 5 years. 

 

Sherrill Schoepe Shadow Run Ranch, LLC Post Office Box 1249 Pauma Valley, CA 
92061 
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Reservoir area: 

1.0 Purpose of Document 

The proposed project’s HOA, County of San Diego as well as the ongoing agricultural 
operations and future home owners of the project are stakeholders in this Operations and 
Maintenance Plan (O&M). The following is an outline of the system and elements affected by 
this O&M. The operation and maintenance of the existing reservoir are the responsibility of 
the project proponent and their successors in title. The operation and maintenance 
associated with the existing reservoir are discussed below. The discussion includes a routine 
action, maintenance indicator, field observation methods, frequency, and maintenance 
activity.  Costs associated with each activity are included. The scope and purpose of this O&M 
is to ensure the operational items associated with the existing reservoir are working properly 
and the safety and stability of the reservoir are maintained at optimum working levels.  

The Four primary maintenance areas for the reservoir are as follows:  

1. Reservoir embankment [AREA 1] 
a. Stability 
b. Landscaping 
c. Irrigation 
d. Burrowing animals 

2. Reservoir spillway [AREA 2] 
a. Stability 
b. Energy dissipaters 
c. Scour 

3. Reservoir drain lines [AREA-3] 
a. Pipeline condition 
b. Shutoff valves 
c. Drain valves 

4. Monitoring wells [AREA-4] 
a. Depth to ground water 

The landscape architect should choose plant coverage for slope protection and erosion control 
along the outer edge of the reservoir embankment that will be high in erosion control value with 
shallow root systems and which will deter small burrowing animals. The reservoir slope 
embankment shall be watered sparingly to maintain landscape coverage for erosion control. 

2.0 Facilities and Resources 

The facilities and resources identified to be managed and inspected are shown above and 
attached as graphic EXHIBIT “A” - “RESERVOIR AREAS”. The management and 
inspection of the reservoir will be the responsibility of the ownership of the recreational open 
space lot 47 of TM 5223 (the homeowners association (HOA)). The property manager(s) of the 
HOA shall at all times have a qualified grove manager(s) that will be employed by said HOA 
and have a set number of hours dedicated monthly to inspect and fill out inspection reports in 
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conformance with this Operations and Maintenance Plan.  The Grove Manager will receive on-
site training in the proper maintenance and repair of the facility. The HOA shall dedicate $6,000 
yearly and have a reserve fund to anticipate any startup and ongoing maintenance of the reservoir 
systems. Additionally the reservoir shall be inspected by a registered Civil Engineer or registered 
Geologist on a yearly basis for any additional recommendations. 

3.0 Operations  

The goal of this O&M is to ensure safety and operational conditions of all reservoir systems on a 
monthly basis. This includes; testing the valves on the two (2) 6” irrigation/down drain lines and 
the one (1) 10” down drain line. These valves and pipes shall be maintained and operational so 
that they can be utilized in case of an emergency to drawdown ½ the reservoir capacity within 7 
days, and completely drain the reservoir within 20 days. 

The report shall contain, at a minimum, the following items: Example inspection report attached 
as Exhibit “B”.  

Inspection Protocol: Inspections will include: 

 Date of inspection 
 Reservoir level 
 Water use in previous month 
 Note any unusual signs of changed 

water levels 
 Condition of the spillway 
 Check scour and erosion 
 Condition of the 6” drain line 
 Condition of the 10” drain line 

 Overall embankment stability 
 Any signs of slope movement  
 Any signs of seepage around or 

below reservoir 
 Any rock falls nearby 
 Vegetation control 
 Control of burrowing animals 
 Irrigation control 
 Three existing monitoring wells 
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Inspections: 

The grove manager shall visually inspect on a monthly basis, the entire slope 
embankment [Area 1] of the reservoir including the spillway [Area 2] looking for any 
settlement, surface cracking, burrowing animals, overwatering and seepage. In addition 
the (2) 6” drain line pipes and (1) 10” drain line pipe [Area 3] shall be tested monthly, to 
ensure the valves and drain capacities are working properly.  

On a monthly basis, or if an earthquake is felt at or near the reservoir (as outlined below), 
measure and record the depth to groundwater in the three existing monitoring wells at the 
top of the reservoir embankment [Area 4].  The HOA shall be notified immediately if any 
substantially changed groundwater levels are indicated. The reports shall be submitted to 
the HOA and COSD within 10 working days of the date of the inspection and will be 
filed in the HOA manager’s office and shall be stored for 5 years. 

Special inspections: 

If an earthquake occurs at or near the reservoir, or has been reported to occur, within the 
following criteria, immediate inspection shall be required: 

 M ≥ 4.0 w/in 25 miles,  
 M ≥ 5.0 w/in 50 miles,  
 M ≥ 6.0 w/in 75 miles,  
 M ≥ 7.0 w/in 125 miles, 
 M ≥ 8.0 w/in 200 miles, 

If such an earthquake occurs, the following items shall be inspected and reported upon: 

 Date of inspection 
 Reservoir level 
 Water use in previous month 
 Note any unusual signs of 

changed water levels 
 Condition of the spillway 
 Check scour and erosion 
 Condition of the 6” drain line 
 Condition of the 10” drain line 

 Overall embankment stability 
 Any signs of slope movement  
 Any signs of seepage around or 

below reservoir 
 Any rock falls nearby 
 Vegetation control 
 Control of burrowing animals 
 Irrigation control 
 Three existing monitoring wells 

 

 Repairs recommended in the inspection reports shall be accomplished within: 10 
working days, or immediately for repairs that are mandated by reservoir stability issues. 
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4.0 Maintenance / Repair 

IMPLEMENTATION AND MAINTENANCE REQUIREMENTS 
 
 
The primary maintenance requirements for the reservoir are as follows:  
 
 Weed, prune, and water, especially during plant establishment 
 Keep landscape healthy and clean 
 The grounds, consisting of the inner embankment and the perimeter pad, shall be free 

of large deep rooted trees and bushes 
 Maintain control of small burrowing animals 
 When encountered burrowing animals shall be removed and any holes filled in 

 
Aesthetic and Functional Maintenance:  
 
Aesthetic maintenance is important for public acceptance of facilities. Functional 
maintenance is important for performance and safety reasons.  
 
Both forms of maintenance will be combined into overall system maintenance.  
 
Aesthetic Maintenance  
 
The following activities will be included in the aesthetics maintenance program: 
 

 Replace dead or dying plants.  
 Weed Control.  
 Weeds will be removed through mechanical means.  
 Herbicide will not be used because these chemicals impact the water quality. 
 Prune overgrown plants. 

 
Functional Maintenance  
 
Components of a Functional Maintenance program include Preventive Maintenance and 
Corrective Maintenance. 
 
a. Preventive Maintenance - Preventive maintenance activities to be instituted are: 
 

 Trash and Debris. During each inspection, debris and trash removal will be 
conducted. 

 Down drain outlet piping: Visual inspection of (2) 6” drain line pipes and (1) 10” 
drain line pipe shall be inspected and checked for leaking and or corrosive 
condition.  

 Test down drain system. During each inspection, each down drain pipe shall be 
tested. Open valves and check valves and piping for any leaking. 
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 Sediment Removal. Sediment accumulation, as part of the operation and 
maintenance program at the spillway, will be monitored quarterly during the dry 
season, and after every large storm (0.50 inch), and monthly during the wet 
season. If accumulation of debris or sediment is determined to cause of decline in 
design performance, prompt action (i.e., within ten working days) will be taken to 
restore to design performance standards. Actions will include removal of 
sediment. Characterization and appropriate disposal of sediment will comply with 
applicable local, county, state, or federal requirements.  

 Removal of Standing Water - Standing water must be removed if it contributes to 
the development of aquatic plant communities or mosquito breeding areas. Water 
standing for more than 96 hours will be removed. 

 Fertilization – Any vegetation seed mix will be designed so that fertilization and 
irrigation (after establishment of the planting) is not necessary. Fertilizers will not 
be used to maintain the vegetation. 

 On a monthly basis, and if an earthquake is felt at or near the reservoir (as 
outlined above) measure and record the depth to groundwater in the three existing 
monitoring wells at the top of the reservoir embankment. Notify the HOA and the 
Geotechnical Engineer of Record immediately if any substantially changed 
groundwater levels are indicated. 

 
b. Corrective Maintenance - Corrective maintenance is required on an emergency or 

non-routine basis to correct problems and to restore the intended operation and safe 
function.  
 
Corrective maintenance activities include:  

 
 Removal of Debris and Sediment - Sediment, debris and trash, which impede the 

hydraulic functioning of reservoir spillway and vegetative growth, will be 
removed and properly disposed.  

 Down drain outlet piping – two (2) 6” drain line pipes and one (1) 10” drain line 
pipe. Paint exposed piping, poly-wrap pipe protection if necessary, replace 
damaged sections.  

 Test down drain system. Replace valves if necessary.  
 Embankment and Slope Repairs – Damaged to slopes and embankments will be 

evidenced by erosion or collapsed surface areas. Once deemed necessary, damage 
to the slopes of the reservoir embankment will be repaired (within 10 working 
days).  

 Erosion Repair – Erosion will be evident by rills or small gullies in the surfaces of 
the reservoir embankment slope. Corrective steps will be taken to prevent loss of 
soil and any subsequent danger to the performance of the reservoir embankment. 
There are a number of corrective actions that can be taken. These include 
temporary measures such as erosion control blankets or reducing flow through the 
area. Designers or contractors will be consulted to address erosion problems if the 
solution is not evident.  

 Elimination of Animal Burrows - Animal burrows (evidenced by holes & 
mounds) will be filled and steps taken to remove the animals if burrowing 
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problems continue to occur (filling and compacting). If the problem persists, 
vector control specialists will be consulted regarding removal steps. This 
consulting is necessary as the threat of rabies in some areas may necessitate the 
animals being destroyed rather than relocated. If the reservoir embankment 
performance is affected, abatement will begin. Otherwise, abatement will be 
performed annually in September.  

 General Facility Maintenance - In addition to the above elements of corrective 
maintenance, general corrective maintenance will address the overall facility and 
its associated components. If corrective maintenance is being done to one 
component, other components will be inspected to see if maintenance is needed.  

 Replace dead or dying plant material. 
 

Table 1: Shadow Run Ranch Reservoir Operations and Maintenance Plan Schedule 

Action  Responsible 

Party 

Frequency Threshold for Action Reporting 

Requirement 

Inspect 

Embankment, 

Reservoir, 

Spillway 

HOA, Grove 

Manager 

Monthly or 

as needed 

As regularly scheduled for 

the month or after any 

ground shaking, 

unexpected change in 

water level, reported 

change in embankment 

vegetation cover or report 

of changes by residences. 

Reservoir 

Maintenance 

Record 

Monthly 

Entry or after 

specific  

incident 

Inspect 

Embankment, 

Reservoir, 

Spillway 

HOA, 

Geotechnical 

Engineer 

Annually 

or as 

needed 

As regularly scheduled for 

the year or as requested 

by HOA 

Reservoir 

Maintenance 

Record 

Annual Entry 

or after 

specific call 
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Table 2: Observations Triggering Non-Routine Maintenance and Repairs 

No. Inspection Procedure Trigger Follow-up 

1 Reservoir level Determine 
normal range of 
elevation 
changes 
considering 
rainfall, 
humidity, 
temperature, 
grove irrigation 
rates, etc. 

If the reservoir 
level drops more 
than 15% beyond 
the expected 
amount, and there 
is no visible 
leakage or seepage, 
or pipe leakage, 
contact the 
Geotechnical 
Engineer of Record 
(GER) 
immediately. 

Geotechnical Engineer 
of Record shall perform 
an inspection within 10 
calendar days and 
determine the cause of 
the unexpected drop in 
reservoir level. The 
GER shall recommend a 
repair and specify a 
deadline for the repair, 
based on the level of 
urgency of the problem. 

2  Water use in 
previous month 

__________C.F
. 

See Item 1, above  

3  Note any 
unusual signs of 
changed water 
levels 

 See Item 1, above  

4  Condition of the 
spillway 

Inspect per 
Section 4 of the 
report. 

If there are any 
cracks, or leaks in 
the spillway, 
contact the Civil 
Engineer of Record 
(CER) 
immediately. 

The CER shall perform 
an inspection within 10 
calendar days and 
determine the cause of 
the leaks or cracks. The 
CER shall recommend a 
repair and specify a 
deadline for the repair, 
based on the level of 
urgency of the problem. 

5  Check scour 
and erosion 

Inspect per 
Section 4 of the 
report. 

If there is any 
evidence of 
excessive (more 
than 6”) scour or 
erosion below the 

The CER shall perform 
an inspection within 10 
calendar days and 
determine the cause of 
the excessive scour or 
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spillway, or on the 
embankment, 
contact the Civil 
Engineer of Record 
(CER). Otherwise, 
follow the 
procedures in 
Section 4 of the 
report. 

erosion. The CER shall 
recommend a repair and 
specify a deadline for 
the repair, based on the 
level of urgency of the 
problem. 

6  Condition of the 
6” drain line 

Inspect per 
Section 4 of the 
report. 

If valves do not 
operate properly, 
repair or replace 
within 14 calendar 
days. 

 

7  Condition of the 
10” drain line 

Inspect per 
Section 4 of the 
report. 

If valves do not 
operate properly, 
repair or replace 
within 14 calendar 
days. 

 

8  Overall 
embankment 
stability 

Inspect per 
Section 4 of the 
report. 

If there are signs of 
movement of the 
embankment, 
contact the GER 
immediately. 

Consult with the GER 
immediately to 
determine if an 
immediate evacuation is 
necessary. Otherwise the 
GER shall perform an 
inspection within 24 
hours and determine the 
cause of the 
embankment movement. 
The GER shall 
recommend a repair and 
specify a deadline for 
the repair, based on the 
level of urgency of the 
problem. 

9  Any signs of 
slope movement  

See Item 8, 
above. 
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10  Any signs of 
seepage around 
or below 
reservoir 

Inspect per 
Section 4 of the 
report. 

If there are signs of 
excessive seepage 
of the embankment, 
contact the GER 
immediately. 

Consult with the GER 
immediately to 
determine if an 
immediate evacuation is 
necessary. Otherwise the 
GER shall perform an 
inspection within 24 
hours and determine the 
cause of the seepage. 
The GER shall 
recommend a repair and 
specify a deadline for 
the repair, based on the 
level of urgency of the 
problem. 

11  Any rock falls 
nearby 

Inspect per 
Section 4 of the 
report. 

If the rock falls are 
indicative of 
movement of the 
embankment or the 
immediately 
adjacent soils or 
rocks, contact the 
GER immediately. 

Consult with the GER 
immediately to 
determine if an 
immediate evacuation is 
necessary. Otherwise the 
GER shall perform an 
inspection within 24 
hours and determine the 
cause of the rockfall. 
The GER shall 
recommend a repair and 
specify a deadline for 
the repair, based on the 
level of urgency of the 
problem. 

12  Vegetation 
control 

Inspect, 
maintain and 
repair per 
Section 4 of the 
report. 

  

13  Control of 
burrowing 
animals 

Inspect, 
maintain and 
repair per 
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Section 4 of the 
report. 

14  Irrigation 
control 

Check for 
overwatering. 

Adjust irrigation 
rate. 

 

15  Three existing 
monitoring 
wells 

Inspect, 
maintain and 
repair per 
Section 4 of the 
report. 
Determine the 
normal 
relationship 
between the 
water level in 
the wells and 
the reservoir. 

If the water level in 
the wells does not 
follow the normal 
relationship 
between the wells 
and the reservoir, 
contact the GER 
immediately. 

Consult with the GER 
immediately to 
determine if an 
immediate evacuation is 
necessary. Otherwise the 
GER shall perform an 
inspection within 10 
calendar days and 
determine the cause of 
the rockfall. The GER 
shall recommend a 
repair and specify a 
deadline for the repair, 
based on the level of 
urgency of the problem. 

      

      

 

 

Regulatory Assurance  

Implementation of this Operation and Maintenance plan is assured through an ongoing 
condition of Major Use Permit #  3300-00-030 . 
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Maintenance Costs 
 
A detailed cost breakdown for the operation & maintenance of each area / system are 
attached and made part of this document.  Total estimated annual costs for each are: 
 
Reservoir embankment = $2000 
Down drain piping = $500 
Water valves = $500 
Landscaping = $2000 
Irrigation = $500 
Burrowing animals = $500 
Total ---------------------------- $6000 yearly. 
 
 
Inspection Frequency  
 

 All items above will be monitored monthly and after every large storm 
(rainfall of 0.50 inch or more). 

 After each seismic event as listed above. 
 
Each inspection will be fully documented and made available upon request. Records will 
be kept for a minimum of 5 years. 

 

Sherrill Schoepe Shadow Run Ranch, LLC Post Office Box 1249 Pauma Valley, CA 
92061 
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RESERVOIR DRAWDOWN CALCULATIONS  
  

For  
SHADOW RUN RANCH 

TM 5223 
 

 

Preparation/Revision Date: 

November 25, 2013 

 

 

Prepared for:  
 

Sherrill Ann Schoepe, General Partner 

Shadow Run Ranch, LLC 

P.O. Box 1249 

Pauma Valley, CA 92061 

Telephone: (760) 742-1893 

 

 
 

Prepared by:  
 

Masson & Associates, Inc. 

200 East Washington Avenue, Suite 200 

Escondido, CA 92025 

Telephone: (760) 741-3570 

 

Tuesday, November 26, 2013 
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Regional map: 

 

Project location Map: 
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Per the exhibit above there are two existing drawdown pipes 6” and 10” that can be used to 

drain the entire reservoir within 3 days per the calculations provided below. 
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EXHIBIT “A”

Pre development Hydrology Map



Murrieta, CA 92563
29995 Technology Dr., Suite 202

F. 951.445.4301
P. 951.445.4300

P. 760.741.3570
F. 760.741.1786

www.masson-assoc.com

Planning    Engineering    Surveying    Telecom
200 East Washington Ave., Suite 200

Escondido, CA 92025
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DATE: Nov 22, 19 1:13pm  by:rthigpen
FILE:I:\DWG\04\4201\PROD\Reports\Hydrology\4201-DR01 - (C3d).dwg

DATE: Nov 22, 19 1:13 pm
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EXHIBIT “B”

Post development Hydrology Map
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